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Highlights 

There is a growing body of evidence that a research-oriented 
approach to learnmg science facilitates uot only the leaniiiig 
of investigath^e skills, but also the understanding of science 
principles. 

The present survey reveals that science education research 
sliould focus increased attention on the unresolved, critical 
issues, and use modern research design and techniques. 

Increasingly, studies in science education are cooperative 
enterprises, with scientists, psychologists, statisticians, and 
science educators all participating. 
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Research in the Teaching of Science 

Introduction 

I N COLLECTING, ANALYZING, AND INTERPRETING the 
research in science education over the biennium July 1957 to 
July 1959, the National Association for Research in Science Teach- 
ing and the U. S. Office of Education sought to focus on some of 
the areas of science education in which known problems exist. 
What does the research over this period indicate? Has it been 
concentrated in some areas to the neglect of others? Are any 
significant directions or trends indicated in the research findings 
of this period ? What was the nature and design of the studies ? Do 
they reflect some of the newer patterns and techniques of research ? 

It is clear that the Congress, through its support of science 
education over the past several years, has identified the area of 
science education as vital to the National welfare and security. If 
a long-range movement to upgrade science teaching emerges, it is 
certain that the improvements must be based on the findings of 
research. To produce excellent research, science education as a 
profession must become more critical — both of the design and of 
the findings of the studies within its area of concern. 

The present bulletin summarizes published studies discovered 
through a careful search of the pamphlet and periodical literature 
of the biennium, and also unpublished studies discovered through 
a questionnaire jointly developed by the U. S. Office of Education 
and the NARST and mailed to more than 1,200 institutions offer- 
ing graduate work in science education. 

The three committees appointed by the National Association for 
Research in Science Teaching assumed responsibility for locating 
the names and addresses of persons who had published research 
in science education during the biennium. This information was 
assembled by each committee chairman and sent to the U. S. 
Office of Education. An inquiry sheet containing space for a 500- 
word abstract was then mailed to the author of each published 
study. In this way, responsibility for abstracting both the pub- 
lished and unpublished studies was on the author rather than on 
a committee member. 
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The studies reported in this bulletin were carefully evaluated 
and selected by means of criteria drawn up by the National Asso- 
ciation for Research in Science Teaching. In most cases the 
abstracts were evaluated by at least three committee members and 
by one or more of the science specialists at the U. S. Office of 
Education. 

The criteria, originally published under the title “What Con- 
stitutes a Research Investigation in Science Education,” ^ are the 
following : 

In order to be classed as a research investigation, a study must satisfy 
the criteria in one of three categories: A. Experimental studies, B. 
Analytical studies, or C. Synthetic studies. 

A. Experimental studies include comparisons of learning under dif- 
ferent methods or conditions of teaching and all other investigations that 
involve pupils in one or more types of learning situations. They are 
characterized generally by the following steps or techniques: 

1. A statement of a carefully and specifically defined and delimited 
problem. 

2. A thorough study of the literature appertaining to the problem, 
for the purpose of determining the need for the study and its 
possible contribution. 

3. The development and use of an appropriate experimental design. 

4. The collection of data and their treatment by appropriate statis- 
tical techniques. 

5. A presentation of the findings and of the conclusions that seem 
justified by them. 

B. Analytical studies are systematic attempts to determine from pub- 
lished materials, cooperating teachers, field studies, and other sources 
such factors as the aims that govern or that should govern the teaching, 
subject-matter elements taught, the relative importance of topics, and 
facilities needed for teaching. Analytical studies are characterized gen- 
erally by the following: 

1. A statement of a carefully and specifically defined and delimited 
problem. 

2. A thorough study of the literature appertaining to the problem, 
for the purpose of determining the need for the study and its 
possible contribution. 

3. A selection or invention of a technique appropriate to the prob- 
lem and also one that provides means by which the validity and 
the reliability of analysis may be determined and maintained. 

4. A presentation of the findings and of the conclusions that seem 
justified by them. 

C. Synthetic studies are investigations in which various curricular 
materials, resource-use data, instructional suggestions, references, and 
aids to teaching are brought together into a unified pattern to be helpful 



1 Seienee Education. 87 :E3-64, February 1963. 
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in an educational situation. S 3 nithetic studies are characterized generally 
by the following steps or techniques : 

1. A statement of a carefully and clearly defined need or objective. 

2. The development of criteria for maintaining selectivity in the use 
of materials and the consistent use of the criteria in thorough 
studies of materials appertaining to the need or objective. 

3. The development of a practical pattern or technique for organizing 
the materials that met the criteria. 

4. The preparation of a substantial publication that summarizes the 
results of the studies. 

The present report reflects the advantages accruing to a coopera- 
tive project in which several individuals have participated. On 
the other hand, it reflects the obvious limitations of such ventures 
inasmuch as it permits a wide latitude within which individual 
judgments may be exercised. In addition, some studies had to be 
left out of the report because they were poorly represented by the 
abstract supplied to the committee. 

The chairman of the three committees, together with the general 
chairman and the cooperating scienpe specialists in the U. S. Office 
of Education, accept full responsibility for errors of categorizing 
the studies and of interpretations resulting from the application 
of the criteria. 

It would seem advisable to make an earnest nationwide effort 
to upgrade research in science education. Too many studies repeat 
previous ones — at least in part — thus showing little awareness 
of what has already been accomplished in the field. Likewise, many 
of the problems chosen are too general, or have already been so 
thoroughly explored and their results accepted, that the results of 
the present-day research studies are almost predetermined. In 
addition, many studies are survey studies, basing the entire investi- 
gation on an analysis of the present status of some aspect of science 
education. 
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Challenges to the Improvement of Seience Education 

"WT HAT ARB THE POTENTIALS of a research resource center? 

^ Of common concern is the improvement of research in science 
education, and the question is this : How might research resource 
centers help? To give my answer to this question I should like, first 
of all, to point out a few major difficulties with today’s research 
efforts, then try to define good research and suggest possible ways 
of producing it, and finally examine alternative proposals for im- 
proving research in science education. 

It would be easy enough to point out the technical shortcomings 
of present research: poor research design, improper statistical 
procedures, untenable assumptions, and hypotheses that cannot 
be generalized. Such technical shortcomings are, however, merely 
the result of fundamental difficulties. One of these difficulties is 
the fact that we seem to have to rely almost exclusively on degree 
candidates to conduct the research.^ Such research is necessarily 
hurried and harried — the candidates do not have time either to 
design long-term research projects or to develop the technical 
competencies needed to arrive at convincing, replicable results. 

Another fundamental difficulty arises from the fact that we 
often attack issues or problems head-on, without sufficient atten- 
tion to the frame-work underlying them. We ask specific questions 
such as whether or not the laboratory experience should precede, 
accompany, or follow class discussions, rather than ask broad 
questions about how children learn science concepts. Our behavior 
is somewhat like that of the alchemists who wanted to turn lead 
into gold. All their time and energy was expended on repeated 
empirical head-on collisions. Today, by making use of the knowl- 
edge about the nature of matter, the alchemists’ dream is quite 
possible. Similarly, our own advances in science education will 
come not from a direct attack upon the obvious issues and prob- 



^Contributed by William W. Cooley, Graduate School of Education, Harvard Univeraity, 

2 For example, of the 420 pages in vol. 44 (1960) of Science Education, only 70 pages (17 
percent) are devoted to research reports by members of NARST (National Association for 
Research in Science Teaching), and half of those pages are reports of previous doctoral dis* 
sertations. It is therefore apparent that less than 10 percent of the latest volume of the 
official journal of this research organisation consists of postdoctoral research by its members. 
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IMPROVEMENT OP SCIENCE EDUCATION 6 

lems, but by a slow testing of basic relationships which will become 
useful, operating principles. 

Finally, a third fundamental difficulty is the fact that our 
discipline does not now possess a definite structure of criticism. 
If research is conducted in an area where naive and inconclusive 
work is published along with the good, and if poor work goes 
uncriticized, improvement can hardly be expected. The natural 
sciences which we teach give us reliable and accurate accounts of 
the world, in large part because of the system of checks and criti- 
cism which these disciplines have evolved, yet we fail to recognize 
this in our own research field. 

This lack of structure of criticism in science education research 
is illustrated by those of our journals which have no section de- 
voted to letters from readers criticizing specific reports for short- 
comings. We all tend to deplore the general body of research, but 
no one is saying what is wrong with what research, so that we 
could slowly work toward research that inspires confidence. Also, 
at our meetings, we tend to march through a full schedule of 
research papers with little or no time for discussion so that every- 
one might be able to present his study. The frequent summaries of 
research and the “implications” papers of our organization (which 
made up about 20 percent of Science Education, vol. 44) would 
seem to be one avenue for research evaluation ; but here only gen- 
eral statements are found, and criticism of specific efforts is only 
through omission. If a paper that is below any acceptable stand- 
ards of research gets into our literature or is placed on our pro- 
grams, the investigator must be told where he fell short. Otherwise, 
incompetent research will continue to mask the valuable research 
upon wliich our discipline should be building. 

No doubt, other major difficulties might be pointed out, but if 
you agree that the three mentioned above are legitimate com- 
plaints, that is all I need as background for the points that follow. 

Before turning to possible solutions for these difficulties, per- 
haps I should pause and try to give you my conception of good 
research. This seems a reasonable preliminary to the question, 
“What is needed to produce good research?” 

In a recent yearbook of the National Society for the Study of 
Education, Fletcher Watson and I attempted to delineate areas 
which we felt contained worthy and researchable questions.® Im- 
plicit in our article is our conception of good research. First of 
all, good research utilizes knowledge from the frontiers of related 



8 Needed Research in Science Education* In Re^ihinhino Science Educaiionf Fifty-ninth 
Yearbook of NSSE. chapter XVI. 1960. 
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disciplines. Too many of the previously reported studies appear 
to have been designed and conducted as though psychology, psycho- 
metrics, and the other behavioral sciences did not exist. Nor do 
the studies give much attention to philosophy in questions con- 
cerning the aims of science education. One characteristic of good 
research, then, is that it builds upon the established principles and 
research techniques of related disciplines, whenever relevant. 

The use of principles and techniques developed in related dis- 
ciplines, though necessary, is not, however, sufficient in itself for 
good research. In a current 6-year study concerning the process of 
becoming a scientist, we are using the psychologist's developments 
in personality assessment, procedures in multivariate analysis 
developed by statisticians within the last 10 years, sociology’s tech- 
niques for measuring socioeconomic status of the family and 
parental expectations for the son, and the engineer's most recent 
high speed, stored-program, digital computer. But all of this will 
amount to very little if research workers should fail to build upon, 
derive specific hypotheses from, or confirm or modify a theoretical 
structure of the career-choice process. This is not to insist that 
all educational research must test hypotheses from the theories 
of related behavioral sciences. The essential point is that our 
research efforts should be directed toward a more fundamental 
understanding of the basic processes that occur within the domain 
of science education. 

Having delineated a few of the characteristics of good research, 
we can now ask what is most needed to produce the research that 
seeks to understand the basic processes involved in teaching and 
learning science, the research that will serve as a basis to develop 
and improve specific methods and materials, the research that takes 
advantage of developments in related disciplines? What is needed? 
vThe answer is simple: good people! 

In discussing the scientific enterprise we too often forget that 
research is done by people. The most elaborate organization ever 
conceived will not produce good research without good people doing 
the research. What we might be able to do collectively, however, 
is develop a program that will encourage competent people to focus 
their attention upon the basic processes involved in science 
education. 

One approach might be to offer research grants to behavioral 
scientists for examining aspects of science education. Even if 
more behavioral scientists could be encouraged to use our domain 
as testing grounds for their hypotheses, the extent to which their 
efforts would modify our practice would nevertheless be question- 
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able. Such men are usually more interested in contributing to 
their own disciplines and publishing in their own literature: this 
limits their usefulness to us within our existing structure. (We’ve 
already observed that little use is made of the developments of 
other disciplines. At least our published research does not reflect 
familiarity with their literature.) This finally brings me to my 
central point. 

We need to develop a core of men who will serve as the missing 
link between the frontiers of the study of human behavior and 
our own specific concerns. Today the universities preparing most 
of the doctorates in science education number only about 12. I 
believe that their programs tend to be staffed with men whose 
primary interests and responsibilities lie in the realms of action 
and service: directing teacher training, conducting inservice in- 
stitutes and summer workshops, writing textbooks, and preparing 
other new curriculum materials — certainly worthy enterprises. 
But missing are any faculty members — ^to speak of — ^who devote 
primary attention to research. We cannot expect the research in 
our field to improve without such persons. As the recent Presi- 
dent's Science Advisory Committee Report < on basic research and 
graduate education pointed out, competent graduate research is 
done in an atmosphere of active faculty research. Research is not 
something that one sandwiches in between a multitude of other 
activities. It is a full-time job, and we cannot expect to get the 
competent research we sorely need until faculty researchers are 
on the staffs of every graduate program in science education. 

Some of you are no doubt thinking that faculty researchers are 
neither possible to obtain nor necessary to have — impossible be- 
cause of the lack of money for extra staff, and unnecessary because 
your university faculty has behavioral scientists to whom your 
candidates can turn for special help as problems arise in their 
dissertations. 

The question as to the necessity of having a research position 
on a science education staff is not easily answered. If there is 
general agreement that our research efforts should not continue 
to rely almost entirely on the work of students, and if most grad- 
uate school faculty members are already overly committed with 
the school’s necessary and important action-service functions, then 
the need for additional staff seems to follow. What may not seem 
necessary is my plea for the performance of basic, behavioral 
science investigations. 



<Scientiflc Progrreu anil the Federal Government. Seimet, 182:1802-16. December 16, i960. 
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There are two main reasons why I believe basic research to be 
necessary. First, we cannot expect to utilize the frontiers of 
knowledge in the applicable sciences if none of us is familiar with 
those frontiers. The best way of knowing the frontier is to work 
there. The emphasis is on frontiers because the scientific advances 
in any field involve a process of successive approximations, so that 
the most recently developed principles of human behavior are 
generally the most reliable. 

The second reason is that much needs to be done in terms of 
adaptation and development before the fruits of psychology and 
sociology become useful in the educational setting. We must be 
concerned with the sciences of human behavior because it is 
human behavior we are dealing with in the schools. A part of 
this basic research task is ours. Although the study of pigeons 
pecking for food or of rumors circulating in wartime may yield 
basic psychological or sociological principles, the task of selecting, 
testing, and refining such principles into educational operations 
involves a type of basic research not now common in our field. 
I call it “basic’’ because the focus is upon building a science of 
human behavior in the educational setting. It is not a disorganized 
empirical attack (in the manner of the alchemiste) upon the 
obvious and immediate concerns of educators. 

My remarks thus far seem to have taken me rather far afield 
of today’s topic. How do research resource centers fit into the 
scheme I’ve presented? I believe they are potentially useful for 
improving the dissemination of research results, but they will not 
solve some of the basic problems described above. The current 
plan is to set up centers around issues or problem areas. This focus 
might serve to entrench even more firmly the head-on empirical 
attack on the obvious problems in our research methodology. 

Another major shortcoming of the proposed center concept is 
the emphasis on resource rather than research. I am whole- 
heartedly for research centers, but differently conceived. Each 
research center should evolve specific areas for research. These 
areas should not be assigned from the outside, nor should the 
center itself any preconceived areas. But evolving areas are 

a different matter: they will necessarily reflect interests and 
strengths of each local faculty. I say “evolve” because research 
is not a process during which someone identifies a problem, defines 
it, compiles a relevant bibliography, performs an experiment, and 
thus solves the problem. It sometimes appears as though we have 
come to believe the all too-frequent general science textbook defini- 
tion of the scientific method. 
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Although it is easy to be negativistic toward sincere and 
thoughtful proposals, it is quite difficult to develop better ones. We 
seem to have a common concern and desire : to improve research in 
science education. Research resource centers will no doubt be 
useful, but I would prefer not to see us place too much faith in 
them as a panacea. Just so much time and energy is available, and 
we must decide what approaches are most likely to yield the great- 
est improvements. The following four suggestions might be con- 
sidered along with the proposal for research resource centers. 

1. We should identify the more definite, organized research operations 
at universities preparing doctorates in education. Our research 
coordinator could compile and make available a summary of these 
activities. Only centers having a groing program of research should be 
listed. The listin^i's, which could be published in Science Education, 
would be useful for stimulating the establishment of more definite 
programs at other institutions. The listings would also make it 
possible for prospective graduate students to identify institutions at 
which they might profitably study particular aspects of science 
education. It is not too clear today who is doing what. This sugges- 
tion is not an attempt to establish a research elite, but rather to 
provide a means for recognizing those areas currently being researched 
on an organized basis, so that the practitioner can know where to seek 
competent advice and emerging centers can decide where to place 
their own emphases. 

2. We should improve our official journal through establishing an edi- 
torial board which could pass for publication only competent research. 
I suggest a board because the improve screening of papers is too 
much to ask of any single man. If more careful editing results in too 
few papers, invitations should go out to behavioral scientists who are 
conducting research related to science education. This would bring 
their work into our literature and would tend to assist us in setting 
standards for research. 

3. The official organ of this association should contain, a section devoted 
to constructive criticism. A “Letters" section suffices in the journals 
of many other disciplines. If such criticism is not received on a 
voluntary basis, it should be actively sought — not simply for the sake 
of criticism, but because we have generally agfreed that too much of 
our current research is poor. The incompetent, irrelevant, and im- 
material aspects of existing studies must be clearly pointed out. We 
won’t get anywhere until we become more specific in our critiques. 
This is an integral part of any scientific enterprise. 

4. The Association, together with the U. S. Office of Education, might 
wish to sponsor special summer conferences at which the men now 
actively engaged in research would meet to discuss specific research 
problems and to share their competencies with others wishing to 
become more active in research. We don’t seem to have much difficulty 
setting up big conferences for general discussions or workshops to 
write new textbooks. Perhaps a 6-week session on concept formation 
would be a good place to start. 
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Th6 N&tson&l Associ&tion for Roso&rch in Scionco To&chinR no 
doubt might do many other things to stimulate and improve 
research in science education. We should remember, however, 
that any action must be related to people doing research and not 
to peripheral ^tivities, which are only substitutes. To improve 
science education, much needs to be done in basic research; and 
to accomplish this, leadership and action are required. NARST 
is the only organization devoted to research in science education 
and only its membership can provide the necessary stimulus to 
conduct competent research. This is the challenge we face. 



Avenues to the Improvement of Research 
In Science Education' 



I N A POPULATION so dependent on research, it is sad to reflect 
how few people perceive what it is all about. 

“Research,” as the late Palmer 0. Johnson ^ once defined it, “is 
an approach to a comprehension of the universe along a broad 
thoroughfare of organized knowledge solidly established on obser- 
vation and experiment imbedded in a matrix of theory. It is a 
highway that is continuously being lengthened, widened, and 
mended.” 

Whether or not we agree with Professor Johnson’s definition of 
research, his definition contains the essentials upon which good 
research must be based : (1) organized knowledge, (2) observation 
and experimentation, (3) theory. These three essentials con- 
stitute a void, or a formidable roadblock preventing the free flow 
of good research. All are generally necessary to the production 
of good research; none is sufiicient in itself. How a particular 
academic area or discipline views them is dependent to some extent 
on the nature of that discipline : its breadth of coverage, its level 
of theory development, and its views on observation and 
experimentation. 

In education and in science education, it is most difficult to 
achieve a blending of these essentials in the proper proportions, 
since the area of endeavor is a complex of many things. Even a 
casual study wiH show that the level of theory development in 
science education is low and its breadth of coverage extremely 
wide. These in combination have led to an arm-chair approach 
to the problems of education by many self-appointed experts in 
and outside the field whose repertoire is lacking in one or more 
or all of these three essentials. Experts, otherwise well equipped, 
have avoided observation and experimentation as a source of 
truth due to the remarkable breadth and complexity of educational 
measurement. A haphazard or arm-chair approach to the un- 



^ Contributed hj Kenneth E. Anderson, Demn, School of Eduentlon, Univenltr of Kaniai. 

* Professor of Educntiont University of Minnesota. The quotation is from his introductory 
remarks at the First Annual Phi Delta Kappa Symposium on Educational Research. Report pub* * 
lished by Phi Delta Kappa, Inc., 1960. p. XV. 
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resolved issues, so typical of efforts in the past, is not enough. 
An organized and concentrated effort such as the research resource 
center may be the answer to our vagueness. If properly structured, 
it will have the potential we are looking for. 

In science education it is imperative that the researcher have a 
sound grasp of the organized knowledge in some scientific area, 
such as physics or chemistry, in which he proposes to research. 
He should have more than a nodding acquaintance with the 
philosophy of science as represented by such men as Herbert 
Feigl, Morris R. Cohen, Ernest Nagel, and P. W. Bridgman.^ These 
in combination will add to the rigorousness of the researcher’s 
work in terms of the method of science and afford a theoretical 
basis for his exploration of pertinent problems. 

The above might be sufficient for the researcher in science, but 
there is another dimension crucial to the science educator in which 
the three essential conditions must be repeated if he is to conduct 
good research. This is the complex of education involving perti- 
nent applications from the organized areas of knowledge, such as 
economics, sociology, psychology, and statistics. A fair grasp of 
these disciplines, coupled with a sophisticated understanding of 
educational philosophy, learning theory,^ educational measure- 
ment,® and techniques of educational research,® are essential to 
the production of good research in education. 

Research is needed also in educational measurement, since edu- 
cational research has been handicapped by inadequate methods of 
measurement, and since the absence of feasible methods of 
measurement may block off entire areas from significant inquiry. 
Adequate methods of measurement are as essential to progress in 
education as they have been for progress in the scientific dis- 
ciplines. Thus, the road to good research in science education is 
a complicated highway and the equipment must be good if one is 
to reach the end of the road and deliver his cargo of usable goods 
intact. 

What constitutes good research in the field of education? Good 
studies are essential if research is to be implemented by action in 



3 Herbert Feiffl and May Broodbeck* Readings in the Philosophy of Science. New York : 
Appleton-Century-Crofts. Inc., 1968. 811 p. 

^ Ernest R. Hilffard. Theories of Leamina* New York ; Applcton-Century-Crofts, Inc., 1966. 
568 p. 

3 E* P» Lindquist. Educational Measurement. Washington ; American Council on Education, 
195L 819 p. 

^Arvid S. Barr, Robert A* Davis, and Palmer 0* Johnson. Educational Research and Ap- 
praisal. Chicago; J. B. Lippincott Co., 1958. 862 P. 
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the educational process. Nicholas A. Fattu ’ discusses the charac- 
teristics of good studies in some detail : 

A good study puts us ahead of where we are now, tackles problems not 
handled by peers, solves problems that others have failed to solve. A good 
study makes a difference in educational practice if the potential applica- 
tions are taken seriously. A g^ood study is imaginative, ingenious, and 
productive of new approaches, new ideas, and new data. A good study 
fits into a pattern of long range work. It has antecedents and conse- 
quents, and the total result is increased understanding of a field as a 
result of the accumulation of studies. 

A good study is carefully designed and planned. It identifies a definite 
problem. All parts of the procedure are relevant to the question being 
studied — data collected, analysis of data. The interpretation of findings 
or meanings of results is directly related to the organization of the study 
and the procedures used. The results are also directly related to the 
conceptualization used, and may suggest new data and new concepts. 

A good study is aimed at discovering truth, not at supporting a current 
or proposed practice. It deals with more general and universal aspects 
of questions that concern education. The goal is not to find a quick 
solution, but to develop tested principles. Results of a good study can be 
communicated to peers working in the same area. 

A good study is appropriate to the level of development of its field and 
to the questions asked. Education is an enormous public enterprise 
engaged in a form of mass production. It is impossible to operate on this 
scale without systematic quality control, for without quality control we 
don’t know where we stand, and we cannot correct the weak spots. A 
program of quality control involves systematic and continuous collection 
of facts on pupils, including long term follow-up of grraduates. Data 
would include tests but would also include data on motivation, socioeco- 
nomic background, level of aspiration, emotionality, et«. Operations 
research tells the school about its raw material and about its output. 
Operations research and quality control methods could be applied to 
operational data. 

Although educational research studies run the gamut as to 
problems studied, good studies are characterized by the identifi- 
cation of definite problems to be investigated. No doubt there are 
a host of identifiable problems needing solution. Some of these 
are represented in the nine fields of investigation which should be 
assigned to research centers. But should not the central and 
underlying purpose be to improve instruction in science? If this 
be the primary purpose, then the real problem is to evaluate the 
outcomes of learning in science. Evaluation then must involve 
objectives and an appraisal of whether or not these objectives have 
been reached. 

What are some important objectives or criteria of learning? 



7 See his ‘‘A Survey of Educational Research at Selected Universities/* First Anntud Phi 
DtUa Kappa Si/mpostufti on Fdticaf tonal Research.' Bloomington, Ind. : Phi Delta Kappa» Inc., 
I960, p. 16. 
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These may be stated in many ways, but are not the following 
almost all-inclusive? 

Has the learner: 

1. Acquired and retained useful and pertinent information of a factual 
nature ? 

2. Acquired and retained a workable understanding of the principles or 
big ideas of an academic field? 

3. Learned to use intelligent methods in adapting to the problems of 
his life? 

4. Reached a level of understanding, application, and performance in 
the three points above, commensurate with his ability? 

The purpose of this discussion was to point out that : 

. . . evaluation must be geared to objectives along a continuum from 
simple understandings and skills and limited adaptability to more com- 
plete understandings and complex skills and greater adaptability. Where 
we as students and teachers are on this continuum determines the evalu- 
ation procedures to be employed. As long as we operate on a rather low 
level of understanding near the lower end of the continuum, the ordinary 
evaluation procedures will suffice. A little thought ac^: ingenuity, how- 
ever, can lift us off the lower levels of evaluation and place us a bit 
higher on the continuum. As we and our students continue to move 
upward in an understanding of what we are trying to accomplish, the 
simpler procedures will no longer evaluate adequately the transfer of 
understandings and abilities of the pupils.* 

Regardless of whether or not you subscribe to the four criteria 
of learning stated above in terms of a continuum or spectrum, it is 
imperative that the purposes of a research study be couched in 
terms of sound teaming objectives if the research study is to 
have a chance of being implemented into action. 

In a previous paper entitled Implementing Research Into Ac- 
tion,* the writer emphasized that school personnel must be made 
a real working part of the research team and acquire some psycho- 
logical ownership of the research process if research is to be im- 
plemented into action. 

Psychological ownership cannot be acquired in full by active 
participation in the research process. Before or along with par- 
ticipation there must be some solid exposure to: (1) formal in- 
struction in the discipline or in the area where the educational 
research is to be conducted ; (2) the psychology of Iqaming, both 
in psychology of learning per se and in psychology of learning as 

* Kenneth E. Anderson and Gordon M. A. Mork. ’'Evaluating: Science Teaching:." Science 
for Todaife Children (Thirty-Second Yearbook of the Department of Elementary School Prin- 
cipals* National Education Association)* 83 :141* September 1963. 

^ Kenneth E. Anderson. ’Tmplementingr Reaearch into- Action." Science Education, 44 :178- 
187» April 1960. 
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applied to a particular academic area; and (3) methods of educa- 
tional research and the applications of statistical methods to 
research in education. 

The first point need not be labored upon too long. It should be 
obvious that one cannot do much real educational research unless 
he knows his academic field well. The researcher must be well 
grounded in his discipline at the undergraduate level and in addi- 
tion must have pursued real graduate work in the area. Programs 
in teacher education must demand real academic attainment in the 
major or minor teaching field. 

The second point need not be treated at length in this discussion. 
Pertinent, however, is the following statement : 

Education is an integral part of modem life. Modern individual and 
social life encompasses a great complexity of phenomena. Systematic 
and orderly investigations of the “great buzzing confusion” of life 
require conceptualizations ; that is, views of what to look for, how to look 
for them, and what kinds of structures, processes, and relationships are 
involved. If, when one entered a classroom, he had no prior conceptualiza- 
tion of teaching and learning, he would see children and an adult, he 
would hear several children and the adult speaking, he would note physical 
items in the room, movements of people, and the like. What gives it 
meaning for the investigator of classroom instruction is a model which 
he conceives, a simplified picture of the structure and process of class- 
room instruction. This model usually includes such elements as a teacher, 
pupils, objectives of instruction, learning outcomes. If he holds such a 
model in mind, he has a basis for focusing his observations and for 
arranging and analyzing his data. This development of a formal model 
provides a way of viewing the complex phenomena in a fashion which 
permits scientific study. 

Models serve to simplify a process which appears on the surface to be 
too varied or complex or haphazard to be understood. But models must not 
only . simplify complex phenomena; they must provide a means for ex- 
plaining and predicting the variations and regularities observed in the 
phenomena. Hence, conceptualizations change as research indicates that 
earlier models fail to explain or predict many of the observations noted. 
For example, a common model for research in instruction in the 1920’s 
included a teacher, a group of pupils, methods of teaching, learning 
outcomes. 

This conceptualization recognized variations in the intelligence of 
pupils, various methods of teaching and variations in the degree of 
achievement by the pupils of the learning outcomes. Since that time, 
a number of tilings have been added to this model, such as variations in 
the skills, preparation, and personalities of teachers, variations in the 
initial achievement of pupils, in the kinds of pupil motivation, in the 
content and intensity of pupil interests; and variations among several 
major kinds of educational outcomes, such as knowledge, skills, attitudes, 
and problem solving. Effective educational research is commonly guided 



'■"1 



I I 

I 16 RESEARCH IN TEACHING OF SCIENCE 

by conceptualizations which provide ways of viewing the complexity of 
educational phenomena in orderly and meaningful patterns.'® 

The third point is particularly important, for it is in this area 
that the real break-through in educational research may occur. 
I quote : 

^ As is so often the case, a study of a particular problem in education is 
given a stamp of approval or is labeled respectable, because the study 
contains a number of tables which are statistical in nature. Actually, 

I statistical analysis of data is only in order provided the researcher: 

1. Selects the appropriate statistical technique for the data at hand, 
and in addition tests the assumptions basic to the technique. This 
implies an adequate background in the field of statistics and 
measurement. Even the coroner conducting a post-mortem 
examination selects appropriate tools and techniques, but even 
then his examination more often than not fails to produce addi- 
tions to the knowledge of medicine. 

2. Applies the Golden Rule of statistics. This in essence means that 
consideration is given to statistical techniques early in the study, 
which is often a controlled experiment, before the data have been 
gathered. Too many studies supposedly experimental in nature 
are like corpses — all that one can do is hold a post-mortem exami- 
nation. An experimental study should be carefully planned in 

■j advance under conditions which will afford a secure basis for new 

: additions to knowledge. 

In most investigations other than the descriptive type, the two chief 
problenis are: (1) testing statistical hypotheses, and (2) estimating 
* population parameters.' The first involves an exact test of sigrnificance, 

or a test which is based on a known probability distribution. Usually 
this involves setting up the hypothesis as a null hypothesis, applying the 
i appropriate statistical tool, referring the final result to the appropriate 

model or distribution, and last of all a rejection of the null hypothesis or 
its acceptance (failure to reject it). 

It is essential in an experiment that the principle of randomization be 
observed. Otherwise, a test of significance has no validity. It is important 
that groups of students who arc to be treated differently, have the same 
probability of being so treated. In other words, the educational treat- 
ments should be randomized. In addition, the students should be assigned 
^ j at random to the various groups receiving different educational treat- 

ments. Only when samples are obtained in this manner and only when 
the experiment makes it possible to secure a valid estimate of the experi- 
I mental errors, is statistical inference permitted." 

It is important in setting forth the plans of an experiment to 
I answer the questions that prompted the research and to list all 

the variables that might conceivably influence the' results. In an 
experiment based on the assumption of controlling all factors 

Ralph W. Tyler. “The Contribution of the Behavioral Sciences to Educational Research." 
Firat AnitKoZ Phi Delta Kappa Sympoaium on Educational Reaeareh. Bloomington, Ind. : Phi 
Delta Kappa, Inc., I960, p. 67-68. 

Kenneth B. Anderson. "The Statistical Approach to Problems in Science Education." 
Science Education, 88 :S90-08, December 1964. 
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except the one under investigation, it is often observed that 
results will change from one experiment to another of the same 
kind. If all the essential conditions are varied simultaneously 
rather than one at a time, one can observe the effects of the factors 
in a nearly natural setting. Factorial design is appropriate because 
the effects of the interactions of all combinations of factors under 
consideration are measured. The chief advantages of factorial 
experiments are: (1) greater efficiency, (2) greater comprehen- 
siveness in that effects and interactions are estimated, and (3) 
that the conclusions have a wider inductive basis. I quote again : 

It is possible to partial out in a factorial design, such as the above, the 
effects of pre-science information and intelligence. This would call for a 
factorial design involving analysis of covariance. 

Consideration of designs of the factorial type before the investigation 
gets underway might make the research efforts more fruitful. 

. . . the research worker in science education should: (1) use adequate 
and reliable statistics when the research calls for description, (2) use 
statistical techniques properly by testing assumptions basic to the tech- 
niques, and (3) select and use statistical tools in the early stages of an 
investigation. In addition, the research worker in science education 
should be aware of new statistical tools and sampling distributions avail- 
able for exact tests of sigmificance and ..think of problems in science 
education not only in terms of tests of signilQcance but in terms of prob- 
lems of estimation. 

Finally, the science researcher should use the powerful tool of analysis 
of variance and covariance to bolster the controlled experiment in science 
education, and insofar as possible consider in future studies the possib.ili- 
ties of varying all the essential conditions simultaneously by designs of 
the factorial type so that our findings will reflect natural setting's and 
thus have wider applicability in our science teaching. When this becomes 
an accomplished fact, science teaching via realistic research will improve 
immensely.^ 

>Vhen the statements quoted above were written (in 1954), 
some references to multivariate analysis were appearing in the 
literature. Today, there is not an abundance of space devoted to 
the topic, but nevertheless many scholars in the area believe that 
multivariate analysis may trigger a real break-through in edu- 
cational research. To quote Johnson and Jackson ; 

As a general rule — in fact, any phenomenon under observation — ^is, or 
may be, affected by the influence of numerous factors, and these factors 
may be related among themselves — sometimes operating in the same 
direction, and sometimes in opposition. One of the tasks of the researcher 
is to identify and describe these relationships and interrelationshiins.** 

Multivariate analysis is a mode of statistical operation and may 



12 Ibid. p. 897. 

Palmer 0« Johnson and Robert W, B* Jackson* Modem Statiatieal Methods: Deeeriptive and 
Indietive^ Chicago : Rand McNally and Company, 1969* p. 871* 
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involve such methods as partial and multiple regression and cor- 
relation, factorial design involving analysis of covariance, and the 
discriminant function. Illustrative of a very simple application 
of the method of multivariate analysis is a study entitled An 
EvabmtUm of the Inti^duetory Chemiatry Course on Film by 
Factorial desigri and Covariance With Method and Sex ae the Main 
VariableeM 

In this study the problem was to test which method produced 
superior results in measured achievement in chemistry during one 
year of instruction: the conventional or the him method. The 
design of the study was a 2 x 2 factorial type. The factors were 
the two sexes, male and female, and the two teaching methods, 
him and nonhlm. Analysis of covariance was introduced in that 
the pretest and the SCAT (School and College Ability Test) scores 
were held constant. The factorial design employed permitted 
stratihcation of the data and the testing of three null hypotheses 
as follows: 

1. Students taught by the film method did not differ in achievement from 
those taught by the nonfllm method, with pretest and SCAT scores 
held constant. 

2. Male students did not differ from female students in achievement 
with pretest and SCAT scores held constant. 

3. The sexes did not differ in achievement when taught by the film 
method and when taught by the nonfilm method, with pretest and 
SCAT scores held constant. 

The primary hypothesis was the first, and hypotheses 2 and 3 
helped make the first more meaningful than it would have been, if 
they had not been introduced into the problem. From the stand- 
point of the efficiency of the factorial design, it can be said that 
we will have tested one hypothesis regarding interaction and 
two hypotheses concerning main effects. If the single-factor plan 
of experiment had been used, the two main hypotheses would have 
required separate treatments and no information would have been 
possible concerning the effect of interaction. The following four 
groups could have been compared at once in one analysis of covari- 
ance: (1) film-male, (2) film-female, (3) nonfilm-male, and (4) 
nonfilm-female. However, six T-tests would have been subse- 
quently required, and again the interaction effect would not have 
been available. 

In this study, 10 students were selected by means of random 
numbers from each of the following groups : 



MB 7 K«nnetb E. Andmon, Fred S. Montcomerr, end Dale P. Scanndl. 8 ehno 0 Bdtuatton, 
46:M»-74, April 1961. 
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Film Method— Male 79 

Film Method — Female — ^ 

Nonfllm Method— Male ; 289 

Nonfllm Method — Female 178 

Three scores for eAch student were placed in one of the cells of a 
2x2 table as follows : 

Male Female 



Group y* Z* Z* 

Film 

Nonfllm 

iBaw icor«B on tho pretcot (AfuUr«on Chomiairy Form Am, World Book Companp. 

Yonkoro-on-Hudson» N. Y. ) • 

> Baw acoraa on tha SCAT {School and CoUogo Ability Tcoio, Cooperatlro Taat Dlrlaion, Edn- 
oational Tteting Sarvloo. Princtian. N.J.)< 
i Raw acoraa on tha poattaat (Andoroon ChomUtry Toct, Form Am) • 

The sums of scores, sums ef scores squared, and sums of cross 
products were obtained for the three measures X, Y, and Z. From 
these, the sums of squares of SS’s (Sx*, Sy*, Sz^,Sxz, Sxy, Syz) were 
obtained for: (1) the total sample, (2) method, (3) sex, (4) in- 
teraction, (6) i^thin, (6) method plus within, (7) sex plus within, 
and (8) interaction plus within. The following regression coeffi- 
cients were used in obtaining the adjusted SS's: 

M _ (Sxz) (Sy^) — (Syz) (Sxy) 

“ (2x2) (2gy2) _ (5xy)2 

bo _ (Sx2) (2yz) — (2xy) (2xz) 

^ “ ( 2 x 2 ) (2y2) _ (sxy)2 

The adjusted SS’s were obtained by using the following formula: 

SS = (2^ — bi2xz — ba2yz) — (Adjusted SS for within) 

The final step in analysis of covariance appears in the following 
table : 

Analysis of CoTariance 



Source of Adjusted 

variation d.f. SS MS Prohahilitv 

Method 1 666.60 9.68 P<.61 

Sex 1 127.03 2.19 P>.06 

Interaction 1 10.66 0.18 P>.06 

Within 34 1,970.64 

Total 37 2,623.63 



The significance of the mean squares was determined by enter- 
ing the F table with 1 and 34 degrees of freedom. The mean square 
for method was the only significant one and indicates that a 
significant difference in chemistry achievement occurred with 
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pretest and SCAT scores held constant in favor of the nonfilm 
group. The adjusted means were 48.49 and 41.06, respectively. 
Since the F value for sex was not significant, no bias was intro- 
duced by this factor. . Also, since the F value for interaction was 
not significant, the difference in achievement of the students in 
the film and nonfilm methods cannot be accounted for on the basis 
of being a male or a female, when taught by the film method and 
when taught by the nonfilm method. 

Factors other than sex can be introduced into additional fac- 
torial designs. In this way, it will be possible to vary all the 
essential conditions simultaneously rather than one at a time, 
thus resulting in greater efficiency and comprehensiveness. The 
results therefore have wider applicability than do single experi- 
ments, since the ordinary analysis gives information only in 
respect to a narrowly restricted set of conditions. 

A similar study was made, using a 2 x 2 design involving the 
same types of scores for each student and using method and career 
plans as main factors. 

The problem was one of testing which method produced superior 
results in measured achievement during one year of instruction : 
the conventional method or the film method. The design of the 
study was a 2 x 2 factorial type. The factors were the two methods 
of instruction (film or nonfilm) and plans of going to college for 
a science career and nonscience career. Analysis of covariance 
was introduced in that the pretest and SCAT scores were held 
constant. The factorial design permitted stratification of the data 
and the testing of three null hypotheses as follows : 

1. Students taught by the film method did not differ in achievement in 
high school chemistry from the students taught by the nonfilm method. 

2. Students who planned to go to college for a science career did not 
differ in achievement in high school chemistry from students who 
planned to go to college for a nonscience career. 

3. The science career students did not differ in achievement in high 
school chemistry when taught by the film method and when taught by 
the nonfilm method from the nonscience career students when taught 
in the same two ways. 

The following conclusions were made on the basis of the data 
obtained : 

1. The film and nonfilm groups achieved the same with pretest and SCAT 
scores held constant. This was our primary h 3 rpothesis. 

2. The science career students achieved significantly more than the non- 

Kenneth £. Anderson, Fred S. Montfiromery, and Dale P. Scannell. ^^An Evaluation of the 
Introductory Chemistry Course on Film by Factorial Desian and Covariance with Method and 
Career Plans as the Main Variables/* Seienee Education, 46:276-278, April 1961. 
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science career students with pretest; and SCAT scores held constant, 
since the F was significant at the 5 percent level and the adjusted 
means were 53.35 and 45.95, respectively. Since the F values for 
method and interaction were not significant, the conclusion was not 
biased by the factor of method nor influenced by interaction between 
method and career. But since the F value for career was significant, 
control of this factor by stratification was justified. 

Perhaps of most importance to the problem of implementing 
research into action is an all-out commitment to the worth of the 
research process. The following is pertinent as a conclusion to 
my remarks: 

Research can serve education in the same way that it serves such 
fields as medicine and agriculture. It can test the effectiveness of new 
programs ; it can establish principles which will suggest new procedures. 
Changes are being proposed and made in our educational programs 
because of the current concern that all citizens shall achieve their full 
educational potentials. We would be delinquent in our duty if, at the same 
time, we did not streng^then and extend the program of evaluation, 
whereby we might know whether the new programs are producing their 
intended results. 

Research is needed today to resolve the heated, and often bitter, contro- • 
versies i;egarding educational policies and methods. Many of these dif- 
ferences in views stem from a lack of basic knowledge regarding learning 
and learners. Only when we know what various educational programs 
produce, and when these results are attested by objective scientific evi- 
dence, can we settle upon the better programs. 

It is not enough to urge classroom teachers to put more effort into 
teaching subjects by traditional methods. Many current methods are the 
product of years of traditional practice and they are not necessarily the 
most effective in terms of current needs and knowledge. Over a period of 
years research has shown repeatedly that traditional methods are often 
based in part upon false principles of learning and that new methods can 
be devised to replace them. 

We need research not only on educational methods, but we need a great 
deal of research on the problems of motivation ; we need to know far more 
about aptitudes and their development; we need to know more about the 
social forces which encourage or discourage yor.th from staying in school 
or entering a learned profession. Research has already provided insights 
and techniques for making better use of our human resources, but we 
shall remain comparatively ineffective until we know far more ithan we 
do now. 

Research on educational problems and on problems significantly related 
to education is increasing in amount and in coverage. Funds from the 
Federal Government, foundations, and institutions have steadily in- 
creased. But, in relation to the need for improving education and to the 
importance of educational efficiency, the present investment in educa- 
tional research is totally inadeqiiate. 

Organizations of professional educators and groups of specialists are 
independently promoting many kinds of research. The results are often 
fragmentary. Too little opportunity exists for the ablest research leaders 
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to pool their thinking in formulating research etudiee in education. 
Creative investigaton from many fields need to focus their interests and 
capabilities on education. The interdisciplinary approach must be en* 
couraged if educational research is to extend its full values to the pro- 
fession of teaching. probably can be done best by of a 

research center.” 

In summary, the title of this paper, ^'Avenues to the Improve- 
ment of Research in Science Education,” means just this : that our 
research workers in science education must be so trained that 
they (1) are well grounded in their academic fields, (2) know the 
academic areas related to and important to education, (3) know 
the p^chology of learning, (4) are sophisticated in the applica- 
tion of research and statistical methods to problems in educational 
fields, and (6) will be given an opportunity to pool their resources 
in an interdisciplinary effort via a research center. 

In addition to these demanding requisites, time must be taken 
and effort made to improve educational measurement, and multi- 
variate analysis must be employed with increasing frequency. The 
two in combination may well represent a crucial approach to 
problems in education, and if well done may constitute the break- 
through so desperately needed in educational research. 

Die Wahrheit liegt in der Bew&hrung-r-Truth is what stands the 
test of experience. 



Kmiwth B. Andcnon. **A Report From tbo Amorieui EdoeotlonsI Bnoorrh Amoclotloii 
President.** AEBA NtunUUtr. lOtl-8, Oetober 1969. 



Research Studies In Elementary School Science 

Introduction 

A lthough the studies in this section deal wiiai science in 
the elementary school, they hold implications for science teach- 
ing at other levels. The increased emphasis during recent years 
on developing a coordinated program in science from Wndergarten 
through grade 12 suggests that these studies be examined by com- 
mittees and curriculum leaders for their contribution to such a 
program. More than ever before, science education leaders at 
every level of instruction need to keep abreast of science education 
at the elementary school level. The studies in this section should 
therefore be of interest ilot only to elementary science educators, 
but also to those at the secondary school and college levels. 

This section contains abstracts of 26 of the 43 studies on ele- 
mentary science reviewed by the committee and a complete list 
of all these studies.^ 



Analysis 

A majority of the research studies on elementary school science 
dealt with (1) problems of learning involving problem solving, 
scientific inquiry, scientific concepts, and pupil learnings; (2) 
problems related to the curriculum; (3) problems related to 
teacher education, both preservice and inservice; (4) trends in 
placement and allocation of science content and time allotment; 
(5) learning or teaching aids. 



Probl«m« Reiotsd to Uarning 

A number of the studies were concerned with the different as- 
pects of problem solving. Carpenter contrasted pupil learning by 
way of a comparison of the familiar textbook-discussion method 
with that of the problem-solving method. He concluded that prob- 



t Ammsement tor meh i» alptaalNfUeid hr witlMw, th* alMtnetB on p. tS and the 

list on p. 86. 
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lem solving with the use of classroom experimentation resulted in 
higher test scores ; and that, as a method, it was preferred by both 
teachers and pupils. 

Garone, Jones, and iVea? emphasized the anecdotal record of 
children’s behavior as a basis for determining growth, not only in 
problem solving, but also in the ability, through use of the problem- 
solving method, to inquire and to organize inquiries and discoveries 
into concepts and skills. Ramsey used a similar technique, that of 
sharing experiences, as recorded by the tape recorder, to discover 
that younger children were more likely to share their experiences 
than those in grades 4-6. The science experiences were then classi- 
fied according to the science concepts to which they contributed. 

Nelson studied the development of concepts in two areas of 
physical science — light and sound. Neal studied procedures which 
promoted ability in children to utilize science inquiry methods. 
Jones discovered through the development and use of the problem- 
solving method, resulting in the ability of first-grade children to 
organize their learnings into simple concepts, that the elementary 
science texts for this grade level were not sufficiently challenging. 
Davis studied the teaching to intermediate grade children of con- 
cepts of time and space relating to geographic time zones. He was 
concerned about the problem of grade placement of these concepts 
and concluded that rigid grade placement of understandings about 
tim.e and space is impossible, if not undesirable. 

Other studies in this group emphasized pupil inquiry, pupil 
learning, and pupil interest in science. Bixlev attempted to corre- 
late the classroom teacher’s attitude towards science with the 
learnings of his pupils, while Boyer compared scientific achieve- 
ments of elementary school pupils with criteria of achievement 
established by leading science educators. Neal was interested in 
the development of scientific inquiry in children of elementary 
grades; Preston compared the learnings of American and German 
children; and Young contrasted learnings of 3d- and 6th-grade 
children, boys as compared with girls, in the area of atomic energy. 
She found that television played an important role in these extra- 
curricular learnings, particularly for boys. 

The use of the outdoors as a laboratory and learning tool was the 
core of a study by Hollenbeck. She employed the school camp as 
her medium. 



Problems Related to Curriculum 

Curriculum studies varied, ranging from those analyzing exist- 
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ing curriculum guides to those developing new ones which empha- 
size grade placement of important science topics. The advisability 
of integrating elementary science with other subjects was also 
explored. Bryant and Challand examined the content of science 
guides or courses of study. They found little uniformity. Ashley 
emphasized integration of elementary science and found that learn- 
ing was improved when subjects were integrated. Nothin out- 
lined a guide to serve as an aid to teachers in New York City. 
Hone analyzed State and city curriculums in order to determine the 
status of conservation education. 

Problem! Relefed to Toochor iducotion 

The preservice and inservice preparation of teachers for ele- 
mentary science was an area of major emphasis for research. 
Examination of preservice and inservice courses across the country 
revealed little similarity. Studies by Berryessa and Tyndall at- 
tacked the problem by attempting to evaluate classroom science 
teaching in terms of the courses taken by teachers while in college. 
Bryant evaluated curriculum guides in order to assay the science 
understandings expected of children and recommended that the 
understandings thus derived be part of the preservice training for 
teachers. 

Sostman demonstrated that inclusion of nutrition materials in 
the inservice education of teachers brought about an improvement 
in the eating habits and nutrition of the children they taught. 

Various methods were propounded for inservice assistance and 
training of teachers. One method was to prepare teaching aids 
elaborating on areas in which teachers were generally deficient. 
Such studies undertaken by Branley in astronomy and by Caruso 
in oceanography could serve as a form of individual inservice as- 
sistance. Inservice training through workshops was utilized by 
Nelson and by Sims. In these two studies pupil gains were used as 
the criterion of the effectiveness of this method of teacher training. 

Guides or courses of study could be considered as another form of 
inservice assistance to teachers. The study by Nothin previously 
mentioned was based on the development of such a guide. Ashley 
and Kerr conducted studies showing how to utilize the consultant 
as an inservice aid. 



Trend! Revealed by Sfudie! of Science Guide! 

Trends revealed by research studies by Blanc, Low, and others 
indicated that science curriculum development now includes ele- 
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mentary school science, that the K-12 program is generally ac- 
cepted as an ideal and that guides or courses of study assist a 
science program by suggesting subject matter, science experiences, 
objectives, and principles. However, there seems to be little agree- 
ment as to grade level of specific science experiences. The study by 
Cholland indicates that the textbook still serves for many teachers 
as the determining factor in choice of sequence of science topics. 
She found that early elementary grades tend to integrate science 
to a greater extent than upper elementary grades, that there is 
usually a specific time allotment for science in the upper grades, 
and that this time allotment averages two hours per week. 



Learning or Teoching Aids 

Learning or teaching aids have been previously mentioned as one 
method of assisting inservice programs by Branley, Caruso, Dunfee 
and Greenlee, Jones, and Nothin. Teaching aids also help the in- 
experienced teacher by giving her information, and suggesting 
activities, scientific objectives, and principles to stress. This is 
particularly true in such areas as astronomy, geology, chemistry, 
and physics. 

Young found that television can indirectly assist the classroom 
science program. Current televised science programs will doubtless 
be the basis for future research studies. 



Othar Stadias 



Garone reported research on the ability of children of superior 
intelligence to develop understandings, interpretations, and con- 
cepts. Carpenter found that method of presentation had less in- 
fluence on the learning of students of high scholastic ability than 
on those of low scholastic ability. 

A study by Mallinson and Holmes of teachers’ ability to estimate 
reading difficulty of science materials concluded that readability 
formulae tend to be more consistent than estimates by either 
teachers or reading experts. 



Interpretation 

Examination of the research studies reveals existing deficiencies 
or areas of need for future research consideration. Some of these 
are the following: (1) criteria to determine adequacy of both 



RESEARCH STUDIES — ^ELEMENTARY SCHOOL SCIENCE 27 

preservice and inservice science courses; (2) identification of ways 
by which children can transfer to home and community the skills 
and attitudes developed through problem-solving experiences; (3) 
criteria to determine readiness of children at different grade levels 
for science experiences; (4) better evaluative procedures for exist- 
inplementary science programs; (5) selection and development of 
science interests ; (6) a comparison of the adequacies of elementary 
science programs for girls as compared with boys; (7) a compari- 
son of the emphasis on a few science areas and principles at each 
grade level with the emphasis on many science areas and principles 
repeatedly covered in each grade; (8) the reasons for diminishing 
science interests of children as they progress through school and 
into college; (9) means of evaluating children’s growth in problem- 
solving skills; (10) evaluation of televised science programs. 

A few of the studies deal with children’s science learnings in 
relation to the total learning situation in the classroom. That is, 
obseiwations were made of the growth of children’s science skills 
and knowledge in situations where science learning opportunities 
were not limited to a brief specific science instruction period. They 
give attention to a wide range of factors which are important if 
the objectives of science teaching are to be achieved. Such research 
may seem unwieldy, but it points up the importance of supporting 
procedures and practices that will unify, rather than fragment, the 
science learnings of children. 

With only limited resources and time, most graduate students 
difficult to study the many factors that may influence 
children s learnings throughout a week, a month, or a year. It is 
almost impossible to make continuous longitudinal studies of 
children’s changing attitudes, skills, and knowledge. Yet such 
studies are badly needed. 

The evidence is growing that a problem-solving, inquiry-oriented 
approach to science teaching enables children not only to learn the 
skills of investigation, but also to gain a greater understanding of 
science concepts. Longitudinal studies would give us a further 
basis for judging the soundness of this inference. Even this one 
conclusion, if applied generally by elementary teachers, would 
redirect science teaching significantly from a limited, fact-learning, 
reading approach to an inquiry-centered approach. This, in the 
view of many scientists and science educators, is the direction 
which science teaching should take. 



Selected Abstracts 



Ashley, Tracy Hollis. The Develop- 
ment of a Science Program in the 
Elementary School. 

Afajor VlTillard J. Jacobton. 

JPfobJem.— To show stepa in the development of 
a science program for the elementary school and 
to depict the role of science consultants and 
classroom teachers. 

PT0cedur4$»^\JBe of records, data from consult- 
ants and teachers, evaluation studies of science 
programs, and anecdotal records of children’s 
experience in science. 

Findings, — ^It is possiblcr through close coopera- 
tion and planning by an elementary science con- 
sultant, general supervisors, and classroom teach- 
ers to develop an elementary science program 
that is an integral part of the total classroom 
program. In such a program, the classroom teach- 
er can successfully direct all learning experiences, 
assisted when necessary by a consultant serving 
as a resource person. 

BerryessAi Max J. Factors Contrib- 
uting to the Competency of Elementary 
Teachers in Teaching Science. 

Major Adviser.— Wesley Sowards. 

ProWetn. — To identify some factors which dif- 
ferentiated generally competent elementary teach- 
ers who carried on particularly effective science 
programs from generally competent teachers 
whose science programs were only mediocre. 

Procedures.— Twen^y-five teachers who carried on 
effective science programs were compared with 
2B teachers whose programs were mediocre. Per- 
sonal interviews, the Kuder Preference Record, 
and the Minnesota Teacher Attitude Inventory 
were used to secure data about each group. 

Finding$, — No significant difference was found 
between the two groups of teachers as to 23 
factors, such as the science interests of the 
participants’ parents, number of teachers who 
as children had liked science, number of hobbies 
related to science, number who read science 
magasines, scores on the Minnesota Teacher At- 
titude Inventory, and grade-point averagec of 
the science courses taken by teachers. 

The teachers whose science programs were con- 
sidered especially effective had been stimulated 
considerably more in science and in the teach- 
ing of science than those whose programs were 



mediocre. Adequate room space, facilities, and 
storage space seemed to be factors in the de- 
velopment of effective science programs. Finally, 
a teacher’s interest in science appeared to be 
an important factor in the kind of science pro- 
gram she developed. 

Bixler, James Edward. The Effect of 
Teacher Attitude on Elementary Chil- 
dren’s Science Information and Science 
Attitude. 

Problem, — To investigate the effect on pupil 
learning in science of teacher attitude toward 
science, teacher degree of authoritarianism, 
teacher attitude toward desirable teacher- pupil 
relations, children’s intelligence, and children's 
sex. 

Procedures.- It was hypothesised that greater 
positive change in pupil learning in science 
would be brought about by: (1) teachers who 
possessed more favorable attitudes toward 
science, (2) teachers who were relatively non- 
authoritarian, and (8) teachers whose attitudes 
were consistent with desirable teacher-pupil rela- 
tionships. The effect of children’s intelligence 
and children’s sex on learning science was ex- 
plored. 

To obtain the data, d?. intermediate grade 
teachers took the Edwards sind Kilpatric’s At- 
titude Toward Science Scale, the California F- 
scale, and the Minnesota Teacher Attitude Inven- 
tory. Pre-test anod post-test scoreif^ on Brown's 
California Elementary School Science Informa- 
tion and Science Attitude Test were'^ obtained 
for 1,481 children in the classes of \the $2 
teachers. The children’s intelligence scor^^, were 
available from their school records. Critical ra- 
tios were determined for the various factors 
studied. 

Findinge , — (1) The children’s science attitude 
test scores changed significantly in relation to 
favorable teacher attitude toward science. The 
critical ratio for change in information only ap- 
proached significance. (2) The teacher’s atti- 
tude toward science was more closely related to 
the means of evaluation and to children’! science 
information and attitude than were the other 
variables. (3) The critical ratio for the degree 
of the teacher’s authoritarianism and hia atti- 
tude toward desirable pupil relations waa not 
significant. Children’s sex did not contribute 
significantly to changes in science learnings. 
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(4) Both scienco information and ftcianca attl* 
tude were inversely related to children’s intel- 
liffence. The differences were siffnidcant in favor 
of the lower intelHffence of any two groups com- 
pared* 

Boyer, Donald Allen. A Compara- 
tive Study of the Science Achievement 
of Pupils in Elementary Schools. 

ProbUm , — To survey midwestern school systems 
to determine science achievementa of elementary 
students. 

ProeedurCB. — survey of 12 midwestern school 
systems was conducted to determine science 
achievements of elementary pupils. In addition, 
the literature relative to science teaching was 
analyzed. A series of statements regarding 
science teaching practices was produced as a 
result of this analysis. The statements were then 
combined to produce five sets of pattern state- 
ments relative to science teaching programs, 
which were evaluated by leading science educa- 
tors as adequate or inadequate. Twenty-four 
school systems then participated in an attempt 
to align their specific school programs in elemen- 
tary science with theta patterns. The 6th grade 
pupils in these school systems were tested as a 
further evaluation of the science programs in- 
cluded in the study. 

Findings. — (1) Teachers in schools having in- 
adequate science programs were likely to lack 
facility in using the best combination of science 
teaching procedures. (2) The teachers had a 
deficiency in science education. This lack along 
with poor science supervision produced the in- 
ferior results. (3) More than half the schools 
having inadequate science programs had thought 
their science programs adequate because of 
satisfactory results on a science-knowledge test 
given as part of the school testing program. 
(4) A majority of schools with good science 
programs did not incur excessive expenditures 
for science materials or for special science per- 
sonnel. These schools carried on In service pr<K 
grams, had a consultant, used free or inexpen- 
sive materials. 

Branley, Franklin. Astronomy for 
the Elementary School Teacher. 

Problem . — To develop a teaching aid to serve 
as a basis for an elementary teachers’ course In 
astronomy at the Hayden Planetarium in New 
York City. 

Proeedtires. — By consulting astronomers, educa- 
tors, and the literature of elementary science 
and astronomy, the author identified the concepts 
in astronomy important to teach children. Thus, 
a series of activities was developed by which the 
concepts could be taught. These activities were 
such as could easily be used in a classroom with- 
out need for elaborate equipment. 

Findings. — The major concepts identified and 



included in the study were the following: Change 
is continuous In the universe, motion is univer- 
sal, the universe is extremely large, and man 
obtains knowledge through his senses. Built 
around these concepts an inservice course for 
elementary teachers was given at the Planeta- 
rium. 

Bryant, Paul Payne. Science Un- 
derstandings Considered Important for 
Children and the Science Required of 
Elementary Teachers. 

Problem . — To determine the amount of attention 
the required science courses in 225 selected col- 
leges for teacher education give to the science 
understandings considered important for chil- 
dren. 

ProeedurtBr — Twenty curriculum guides recom- 
mended by a committee of the Association for 
Supervision and Curriculum Development were 
analyzed to ascertain the science understandings 
recommended for grades 1 — 6. Only those under- 
standings suggested by onc-fifth or more of the 
guides were included. Persons of recognised 
ability in different fields of science were asked 
to synthesize them. The resulting 08 science 
understandings were assumed to be Important 
to children and to the science education of ele- 
mentary school teachers. 

Science programs of institutions belonging to 
the American Association of Colleges for Teacher 
Education were studied. A questionnaire-rating 
scale containing the science understandings con- 
sidered important to children was sent to Instruc- 
tors of science courses required of elementary 
education majors. The instructors were asked 
to state how much attention they gave in these 
courses to each of the understandings. 

Findinge. — (1) Although there was no agree- 
ment on specific grade placement of understand- 
ings, there was some agreement as to their 
importance for primary and for upper grade chil- 
dren. (2) The 226 institutions studied required 
a mean of 17.7 quarter hours of science for ele- 
mentary education majors. (3) Biological and 
physical science survey courses and elementary 
school science methods are the courses most fre- 
quently specified. (4) Course content was usu- 
ally determined by the instructor and based on 
students’ needs, but instructional activities gen- 
erally centered around the instructor. (6) Al- 
though as well prepared as college teachers In 
general, over three-fourths of the Instructors of 
the science courses required for elementary edu- 
cation majors had had no experience in teaching 
children. 

Carpenter, Regan. A Study of the 
Effectiveness of the Problem Solving 
Method and the Textbook-Discussion 
Method in Elementary Science Instruc- 
tion. 
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ProbUm , — To comparo the efftoUTtneoc In 
mentary science Instruction of a teaching methodi 
baaed upon demonstration and olaaaroom experi- 
mentation ( problem method ) with that of a 
teaching method baaed upon reading and dia- 
cuMlna a basic textbook (textbook-dlaeuaalon 
method). 

Procadurea.--All of the 4th-grade pupils (S 28 ) 
of three nonpubllo elementary schools in Hono- 
lulu were dlrided Into two groups (A and D). 
These groups were equated upon the basis of 
iiitelliffenee teat scores* sffs* and sex. The teaob- 
ers in the two groups were also equated on the 
basis of education* experience* and rating by 
administratoins. ComprehemlTe* detailed teaeh** 
ing units on ^'magnets'* and on "the adaptations 
of animals* excluding man*** were constructed. 

The group-A pupils studied **magnets*** using 
the textbook-discussion method* while the group* 
B pupils studied the same subject* the same 
length of time* using the problem method. An 
identical object ire test* previously constructed 
and validated by the experimenter* was admin* 
istered to both groups* and the mean scores were 
compared by the f-teehnique. Later* the two 
groups studied "the adapUtions of animals* ex- 
cuding man.** The same conditions prevailed for 
this study as for the previous one except that 
the two groups switched methods. Again* too* 
the mean scores on an objective test were com- 
pared by the t-technlque. 

Findinps.^d) For each of the two studies* the 
group taught by the problem method achieved a 
mean score signifleantly superior to that achieved 
by the group Uught by the textbook-discussion 
method. (2) The pupils ranking highest In gen- 
eral scholastic ability were less influenced by the 
change in teaching methods than were other 
pupils. (8) The pupils ranking lowest in gen- 
eral scholastic ability were significantly influ- 
enced by the change In teaching methods. (4) 

A majority of the pupils interviewed preferred 
the problem method of teaching. (6) Five of 
the six participating teachers preferred the 
problem method to the textbook-discussion 
method. 

Caruso, Mary L. An Ocean Geogr- 
raphy for Children* 

Problem.^To develop a teaching resource book 
on oceanography suitable for children in the 
upper elementary grades. 

Procedures.*— Concepts relative to oceanography 
and suitable for development in the upper ele- 
mentary grades were identified by consulting 
geographers and reading the literature.. These 
concepts were elaborated and a list of suggested 
activities was prepared. The materials were 
checked for comprehension and vocabulary by 
6th-grade pupils and their teachers. 

Pindifips.— A list of concepts about the ocean* 
its inhabitants, and its uses suitable for upper- 
grade pupils was agreed on. The material pro- 



duced for upper-grade pupils will serve also 
as a resource for teachers with little background 
in this area. 

Challand, Helen J. An Appraisal 
of Elementary School Science Instruc- 
tion in the State of Illinois. 

Problem , — To appraise the status of elementary 
school science programs in the State of Dlinois. 
Proo€duT09 . — Questionnaires were sent to ele- 
mentary teachers inquiring about the grade 
placement of science content* the methods used 
tvi determine areas* the context of elementary 
science in terms of the total curriculum* and the 
time allotment for the science program. 

Findings. — The areas of sooloery* physiology* and 
astronomy were found to be stressed the most hy 
teachers. In general* a majority of the teachers 
employed a textbook which determined the se- 
quence and selection of science topics discussed. 
Teachers of the early elementary grades were 
found to be more likely to integrate science with 
other subjects* while teachers of the later ele- 
mentary grades allocated a specific period of time 
to science as such. Time allotment did not vary 
widely* the average being approximately two 
hours per week. 

Davis, Ozro Luke, Jr. Learning 
About Time Zones: An Experiment in 
the Development of Certain Time and 
Space Concepts. 

Major Advwf , — Harold D. Drummond. 

ProhUm , — To determine whether children in the 
4thi 5th* and 5th grades can profit from instruc- 
tion in concepts of time and space relating to 
geographic time sones. 

Procedtires.— Two classes each from the 4th, 5th, 
and 6th grade levels were selected from six dif- 
ferent schools. One class at each level was des- 
ignated as the experimental group* the other as 
the control group. The experimental classes were 
taught a unit on geographic time sones. The ex- 
perimenter taught the unit to the experimental 
classes to control for variations in teaching 
method, learning materials* and subject matter. 
The experimenter devised a test to measure 
time-Eone learnings. This test was administered 
as a pre-test* an immediate post-test* and a 
test of delayed recall. *rhe resulting data were 
treated by analyses of variance. 

Findingo. — (1) At the end of the experimental 
teaching period* the experimental classes had 
significantly profited from the instruction about 
geographic time sones and there were significant 
difierences among the grade levels. (2) One 
month after that period* the experimental classes 
had maintained their superiority over the con- 
trol classes and the significant differences among 
grade levels persisted. (8) During the erperi- 
mental teaching period* the 4th-graders gained 
more in the^.r understandings than did the 6th- 
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crradert. The experimental classea made a sig- 
nifteantly greater gain in underatanding than 
did the control clauea. (4) There waa no dif- 
ference in the galna of underatanding among 
grade levela during the time the pre-teat waa 
given and the adminiatration of the teat of 
delayed recall, although there waa a difference 
favoring the experimental claaaea over the con- 
trol clasaea. (6) One month after the teaching 
period, the experimental claaaea had a higher 
retention than did the control claaaea. There 
were no Bignificant differencea In retention 
among grade levela. 

Dunfeb, Maxine and Julian Green- 
lee. Elementary School Science : Re- 
search, Theory, and Practice. 

Problem, — To bring together In a eonciae book- 
let, research findings, authoritative opinions, and 
results of successful practice in science educa- 
tion in the elementary school. 

Proceduree. — The questions that elementary 
teachers in college claaaea asked about the teach- 
ing of elementary school science served to help 
organise the content of the booklet. Questiona 
were organised under the following topics: (1) 
Identifying the role of science education in the 
elementary school. (2) Exploring the nature 
of the elementary aclenee program. (8) Teach- 
ing science In the elementary school. (4) Im- 
proving the elementary science program. 

One hundred seventy-six professional books, 
articles in educational publications, master's 
theses, doctoral dissertations, and research stud- 
ies were examined by the authors. 

The results of pertinent research, authoritative 
findings, and expert opinions are generously 
quoted to substantiate the answers to the specific 
questions of elementary teachers. 

Findings. — The interpretations indicate that 
Ecience has made an important place for Itself 
in the elementary curriculum, but much remains 
to be done in building programs more effective 
than the present ones. 

Garone, John E. Acquiring Knowl- 
edge and Attaining Understanding of 
Children’s Scientific Concept Develop- 
ment. 

Major Adviaer, — ’Willard J. Oacobt^>n. 

Problem, — To present and iUustrate a general 
approach to children's scientiflc concept develop- 
ment by study and analysis of their percepts, 
interpretations, and problem solving. 

Proeedurea, — Twenty-nine 10-to- 12-year-old chil- 
dren of superior Intelligenee were included in the 
s'<^udy. Anecdotal records of their percepta, in- 
terpretations, problem solving, and concepts 
were prepared, tape recordings of a variety of 
their verbalized group activities were made, and 
their written materials were collected and 
analysed. 



Findings.*— Children perceive and try to organise 
their perceptions to form understandable con- 
cepts. Experience, opportunity, to explore ideas 
through trial and error methods, and proper 
guidance are factors influencing concept develop- 
ment. 

Hollenbeck, E. Irene. A Report of 
an Oregon Gamp With Program Em- 
phasis on Outdoor Science Experiences. 

Major Adviaer, — Harold Anderson. 

Problem, — To ascertain the amount and kinds of 
outdoor science experiences now provided for 
Oregon children by schools and other agencies 
and to investigate the feasibility and value of 
presenting outdoor science experiences at a 
school camp. 

Proeedurea, — Information on the outdoor science 
experiences of 601 high school seniors in a strati- 
fied random sample of Oregon high schools was 
obtained by questionnaire. The findings were com- 
pared with those of a similar survey of 465 col- 
lege freshmen made two years earlier. Plans 
were made for the organization and administra- 
tion of a one-week pilot science camp for 22 6th- 
and 6th-grade children. The effectiveness of the 
camp was measured by precamp and postcamp 
sociomctric tests, interest inventories, artistic 
presentations, opinion questionnaires to parents 
and participants, and interviews with classroom 
teachers and camp resource people. 

Ftnditigs. — (1) Too few children In Oregon have 
had an opportunity to participate in outdoor 
science experiences. (2) Too little use has been 
made of skilled resource personnel as leaders 
of outdoor science experiences. (8) The school 
camp participants showed evidence of growth 
in an appreciation of the interrelationships of 
living things and of the beauties of nature, de- 
veloped knowledge and skills related to outdoor 
science and outdoor living, exhibited desirable 
attitudes toward work and conservation prac- 
tices, found areas in which their individual abili- 
ties could be recogntted, and acquired new 
^icience interests. (4) The school camp was of 
value to the teacher in helping him identify 
new areas In which individual children could 
succeed and in which certain ones needed help 
to meet the problems of. living. (5) School 
camping was feasible in southern Oregon be- 
cause it was possible to lease a campsite from an 
organization which maintained an established 
summer camp, the cost waa nominal, and re- 
source personnel were willing to assist. 

Hone, Elizabeth. An Analysis of 
Conservation Education in Curriculums 
for Grades K-12. 

Maj€^r Adviser.*— Raymond C. Perry. 

Problem, — To investigate some of the causes of 
discrepancy between American thought and prac- 
tice with regard to conservation education. 



RESEARCH IN TEACHING OP SCIENCE 



PfocedureM . — Printed curriculums of the public 
•chooli and the texte and teaU used in eonaerra^ 
tion education from kindervarton through high 
school were analysed. Data were tabulated ac- 
cord I nar to catearories of concepts of conservation 
education. The flndinira were aubatantiated by 
a jury of experts, who corroborated the llndints 
of the curriculum study in 7 of the 12 areas 
covered by a questionnaire sent them. 

Ftndinps.— More conservation material came 
from State than from city school sources and the 
States furnished more general than specific cur- 
riculum suffarestions. In general, there was con- 
sistency between the aims, content, and method 
of school snd nonschool conservation education. 
Conservation was taught most frequently in 
grades 6 through «. Conservation was seldom 
recommended as a separate subject; it was most 
frequently associated with science at the ele- 
menUry level and with social studies at the sec- 
ondary level. Conservation education was re- 
garded mainly as a problem of renewable 
resource. Emphasis on conservation education 
in texts was found to be mainly on renewable 
resources also. 

Concepts of conservation should be redefined 
in ternia of the needs of modem society. The 
present emphasis on renewable reeources only 
has little relationship to the resource problems 
of a modern industrialized society. 

Jones, Mary Elliot. A Siudy of the 
Possible Learning Resulting from Sci- 
ence Experimentation by a Class of 
First-Grade Children. 

Problem . — To inveati^.te and determine the 
learning, acquired by first-grade children from 
a program based on experimentation. 

Procedures.^Anecdotal records of the children's 
questions, responses, and resulting decisions re- 
garding solutions of problems were maintained 
for a year. Responses made by the class as a 
whole were also recorded and analyzed. An at- 
tempt was made to determine to what degree 
any one of the possible learnings resulted from 
experimentation. 

tups.— Children at the first-grade level can 
learn from experimentation in the classroom. 
Concepts, skills, and attitudes were listed as 
outcot^es. The children gained the following 
concepts: (1) Experimentation is a way of 
finding out. (2) An experiment consists of cer- 
tain elements. (8) Some experiments need con- 
trols. 

In addition, the children gained skills in: 

(1) Suggesting, planning, and participating 
in experiments, (2) predicting outcomes of ex- 
periments, (8) interpreting the results of ex- 
periments, (4) seeing the relationship between 
sn experiment and a practical situation, (6) 
applying the results of the experiment to the 
situation, (6) exercising the right to demand 



experimental proof before believing a statement, 
and (7) resolving differences of opinion through 
experimentation. 

The children also gained certain attitudes. Most 
significantly it was found that when children, 
even at the primary level, are exposed to experi- 
mentation, development occurs in areas other 
than science. 

Kerr, Elizabeth Feeney. The Role of 
the Consult&nt in Elementary Science. 

Major Advtser.'— Oerald Craig. 

Problem.— To define the qualifications, functions, 
and responsibilities of the consultant in elemen- 
tary science. 

Proeedureo , — An anlyels of opinions of elementary 
science consultants and other educational leaders 
over a 6-year period was made to determine the 
qualifications, functions and responsibilities of ele- 
mentary science consultants. 

Findtnps. — Among the characteristics and respon- 
sibilities of the successful elementary science con- 
sultant are the following: (1) Likes children and 
enjoys their companionship. (2) Gets along well 
with adults. (8) Has a good background in sci- 
ence. (4) Sees children's science experiences as 
contributing to worthwhile values and behaviors. 
(6) Is willing to spend time necessary to develop 
good relationships as well as a good science pro- 
gram. (6) Possesses qualities of leadership. (7) 
Sees science in its relation to the total curriculum. 
(8) Contributes to building good school-commun- 
ity relationships. (9) Helps build rapport among 
workers within a school and among schools within 
a system. (10) Carries on an inservice program 
for teachers. 

In addition, the study gives suggestions for 
evaluating a science program and for selecting 
science materials for an elementary school. 

Mallinson, Gex)rge Greisen and 
Roma H. Holmes. A Study of the Abil- 
ity of Teachers to Estimate the Reading 
Difficulty of Materials for Elementary 
Science. 

Problem.— To determine whether the meMure* 
ments of the reading difficulty of certain passages 
from textbooks for elementary science are more 
consistent than estimates by reading experts and 
elementary teachers. 

Procedures.— In order to support or negate the 
assumption that any elementary teacher could 
estimate the reading difficulty ef a passage from 
a textbook, 109 sample reading piissagea from 
textbooks of science for grades 4 through 8 were 
measured for level of reading difficulty, using the 
Flesch, Lorge, and Dale-Chall formulae. Packets 
of 20 of these samples were made by random se- 
lection of samples from the 199 passages. 

Packets were then sent to 26 teachers classified 
** wading experts or specialists in a number of 
large midwestem cities. These specialists and two 



RESEARCH STITDIES — ELEMENTARY SCHOOL SCIENCE 33 



elementary teachen in each city were asked to 
estimate the level of reading dilBfulty for each 

passage. 

FindinffM , — The m^urementa made by means of 
reading formulae for level of reading dlfflcnlty in 
elementary science textbooks tend to be more eon* 
Gistent than the eatimatea made by reading ex- 
perts or elementary school teachers. Xf reading 
formulae are inaccurate, their Inaccnraeies tend 
to be consistent. The median difference for meas- 
urements by reading formulae is 1.0 years; for 
reading experts, 8.0 years; ^nd for elementary 
teachsrs, 4.0 years. Hence, it seems that the use 
of reading formulae is justified for estimating the 
reading difficulty of elementary science textbooks. 

Neal, Louise A. Techniques :^or De- 
veloping Methods of Scientific Inquiry 
in Children in Grades 1-6. 

Problem, — To attempt tb determine adequate 
methods of science inquiry in children in grades 
1-6, using the laboratory schools at Colorado State 
Collc:^e. 

Procedures.— Sixty-one teaching techniques were 
selected and tested to promote the growth of 4th- 
grade children in developing the ability to use 
methods of scientific inquiry, i.e., to recognize and 
state problems, select pertinent and adequate data, 
formulate and evaluate hypotheses, form a con- 
clusion or a concept, and apply concepts or see 
relationships. The techniques required the chil- 
dren to make overviews of problems, demonstrate 
concepts, take exploratory excursions, select .read- 
ings, do experiments, observe objects and proc- 
esses, organize ideas, and determine criteria for 
evaluation of their activities. 

The techniques and procedures were evaluated 
through a study of the children's written re- 
sponses and creative expression; and through ob- 
jective testing and observation of overt behaviors 
which could Justifiably be associated with the 
ability to use the methods of scientific inquiry. 

Ptndtoips. — Children can be aided through direct 
teaching procedures to identify and state prob^ 
lems, formulate plans to collect and evaluate data 
from a number of sources, formulate hypotheses 
and concepts, and apply concepts and methods to 
new situations. Abilities basic to the development 
of intellectual maturity that may be expected at 
each grade level were revealed. 

Testing data Indicated a consistent pattern of 
growth for each method of scientific inquiry from 
grades 4 through 6. The differences between test 
administrations were significant at the 6-percent 
level of confidence. 

Nelson, Pearl Astrid. The Acquisi- 
tion of Concepts of Light and Sound in 
the Intermediate Grades. 

Major Adeisar.— John O. Read. 

Problem, — To investigate the learning of scien- 



tific concepts and principles in the areas of light 
and sound by intermediate grade children. 
Proceduree, — An inservice workshop for the teach- 
ers was planned. Individual Interviews were eon- 
’ ducted to ascertain the children's preconceived 
ideas of light and sound. Tests were given before 
and after completion of the units, and the gains 
in understanding recorded. The two schools par- 
ticipating in the study varied widely as to the 
pupils’ socioeconomic background. 

Findings.— Gains in principle-understanding and 
in concept-gain were significant in the schools 
having workshops for the teachers. These teach- 
ers transferred their learning and interest back to 
the classroom. The pupils' socioeconomic back- 
ground was of no significance as far as gains were 
concerned. 

Nothin, Jerome. Experiences to Im- 
plement the Course of Study in Science 
for the Elementary Schools in New 
York City, Kindergarten through Grade 
Six. 

Major Advieer, — ^Willard J. Jacobson. 

Problem, — To develop a teaching resource that 
would implement the New York City course of 
study in science. Its purpose was to provide a 
series of 198 classroom experiences for kinder- 
garten through grade 6, covering 7 science areas : 
earth and its resources, weather, transportation, 
communication, earth in apace, magnetism and 
electricity, and plants. 

Proceduree, — Experiences and activities were 
worked out for each of the selected science areas. 
Some were adapted from science resource books 
for teachers, while others were new-type activi- 
ties developed by the author. Each activity was 
tested with children in classroom situations. 
Findinoe, — This teaching aid will assist elemen- 
tary teachers with meager backgrounds in science 
to do better classroom teaching. 

Preston, Ralph G. A Comparison of 
Knowledge of Direction in German and 
in American Children. 

Problem.— To determine whether or not 6th-grade 
German and American children were different In 
regard to their knowledge of interrelationships 
between bodily position (right and left), the four 
cardinal directions, and the position of the rising 
and setting sun. 

Procedures.— Four questions, selected because of 
their culture-free character, were answered by a 
random sample of 400 6th-grade pupils in Ham- 
burg, Germany, and a similar group of 882 6th- 
graders in Philadelphia and Baltimore. Half of 
the children of both nationalities Included in the 
study were in the highest 27 percent and half were 
in the lowest 27 percent with regard to intelligence 
(based on national norms in each country 
6th-grade children) . 
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showed coasittentlF higher 
seoras bj the Amerlcmn children. Their nbu^ate 
knowledsot howeTer, was not impressively higher. 
This belies the often accepted statement that 
American children are educationally inferior to 
those of Europeai < countries. 

Many bright American and German children in 
grade 6 evidently do not have a grasp of direc* 
tional relationships. This fundamental Is prob- 
sbly neglected in both countries, with the result 
that children are thrust into the use of direction 
symbolism with inadeQuate preparation. 

Ramsey, Irvin Lee. Children’s Con- 
tributions in Sharing Experiences and 
Their Potentialities for the Elementary 
Science Progfram, 

Probhtn.—To record end eneijrze the iherlnB ex- 
periences of children in grades 2, 4, and 6 In order 
to And their potential for the elementarjr science 
program. 

Prcfedures.— A samplinar of the oral reports and 
conversations of 832 children In grades 2, 4, and 6 
were Upe-recorded during their experienee-ahar- 
Ing time. The recordings were analyzed to discover 
the frequency with which experiences reported 
were related to science topics and principles. 

f’liufings.— A wide variety of out-of-school experi- 
ences were described by the chOdren. For exam- 
ple, they mentioned trips, communication activi- 
ties, recreation, and experiences with animals. 
Though the children mentioned experiences with 
animals most frequently of all single topics, they 
tended to talk less about biological-science topics 
in general than they did about phsrsical-scienee 
topics. The- children did not mention any science 
Principles as such. The investigator, however. 
Identified 194 science concepts. and 876 science 
clues related to 17 science concepts. 

Sims, Ward L. The Development and 
Evaluation of an Inservice Education 
Program in Elementary Science. 

Problem. — To develop and evaluate an inservice 
science program for elementary teachers. 

Proeeduree. — A series of meetings was conducted 
to provide information and assistance to the 
teachers. Their participation was voluntary. At 
each meeting one or more broad topics pertaining 
to science in the elementary school was discussed, 
and demonstrations were given. Pupils of the 
participating teachers, as well aa pupils of non- 
participating teachers, were tested at intervals, 
as were the teachers. Controls, participating 
classes, and teachers were matched. Both pre- 

ftnd po8t*testg wore given. 

Findings. Pupils in the experimental classes 
achieved significantly more on the post-tests. 

SosTMAN, Edna Ruth. An Evalua- 
tion of the Methods, Techniques, and 



Findings Used During a Six- Year Nu- 
trition Education Program in a City 
School. 

Major Adviur . — Clara Mae Taylor. 

ProbUm.—To bring about improvement in chU- 
dren’s food habits, to improve their health (ap- 
pearanoe, growth, and general alertness), and to 
bring about curriculum changes as a result of an 
inservice teacher-education program. 

Proeeduree. — Schools in the Puerto Rican section 
of New York City participated. About 80 percent 
of the parents spoke only Spanish. A nutrition, 
education program was inaugurated In the class- 
room as a part of the regular curriculum. Inserv- 
ice workshops for the teachers gave them the 
necessary background in nutrition. Meetings were 
held with parents to give them information re- 
garding food and food selection. 

Findinge. A definite increase occurred in the 
number of children eating breakfast. The break- 
fast pattern improved and participation in the 
school lunch program increased from 26 percent 
to 42 percent. Significant differences appeared in 
the growth patterns of the participating children 
as compared with those of nonparticipating chil- 
dren in other schools of similar setting. 

Tyndall, Jesse Parker. The Teach- 
ing of Science in Elementary Schools by 
Recent Graduates of Atlantic Christian 
College as Related to Their Science 
Preparation. 

Major Advioer.^^Alejne Hainea. 

Problem, — To investigate and evaluate the science 
teaching of recent elementary graduates of At* 
lantic Christian College and to examine the science 
program provided at the collegre for prospective 
elementary teachers. 

Procedures. — An observation checklist, an inter- 
view checklist, and a Questionnaire were developed 
and validated aa a means for (1> evaluating 
science teaching practices of 40 elementary teach- 
ers recently graduated from Atlantic Christian 
College, and (2) determining the achievement of 
these teachers in high school and college science 
courses. Five basic questions were explored: 
What part of college helped you in carrying out 
a science program? What experiences in college 
would have helped you? What ihservice experi- 
ences have been helpful 7 What other experiments 
have been helpful? How important do you think 
science is in the elementary school ? 

The chi-sQuare was used to determine the rela- 
tionship of teaching to strengths and weaknesses 
in the college science preparation of the elemen- 
tary teachers. 

Findinoa,--rhe elemenUry teachers were judged 
satisfactory in relation to nine criteria of good 
teaching. For example: They utilize storage 

space in an orderly manner. They respect, give 
personal attention to, and enjoy working with 
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children. They encourage inTeetlgatlon in coIt* 
ing problcme, aid children in arrieing at tentative 
conclusions. The teachers were judged unsatis- 
factory in relation to six criteria of good teaching. 
For example : They lack an understanding of the 
importance of a laboratory-like daMSOom for 
teaching science. They do not encourage children 
to see the relationship between the physical and 
biological sciences, nor do they help children un- 
derstand inclusive scientiflo principles. 

There was a high degree of relationship between 
grades made on science courses and performance 
as elementary teachers of science. There was no 
significant relationship between courses taken and 
the quality of science teaching, nor any between 
teachers with or without inserviee experiences 
and the quality of their science teaching. 

Young, Doris. Atomic Energy Con- 
ceptiS of Children in Third and Sixth 
Grades. 

Problem. — To analyse the atomic energy concepts 



of 8d- and fith-grade children through interviews 
and questionnaixies. 

Procedures.— Seventy-five 8d-grade children were 
interviewed about the subject of atomic energy. 
A guide sheet, pictures, and diagrams were used. 
The same information was solicited from 88 8th- 
grade children by means of a questionnaire con- 
taining pictures and diagrams. The children were 
questioned regarding the sources of their infor- 
mation. Responses for both grades were scored 
by identifying three levels of response for each 
question. 

Pstidinps.— The investigation indicated that many 
8d- and ^'^-grade children have developed con- 
cepts ox atomic structure and the use of atomic 
energy, and at least a fourth of both groups were 
ready to pursue further study. The girls showed 
less understanding of atomic energy than did the 
boys. Television was the main source of infor- 
mation. There was a vride range of individual 
differences in readinecs for scioice and in miseon- 
oeptlons. 
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Research Studies in Secondary Schooi Science 

Introduction 

rpHIS SECTION contains abstracts from 40 of the 67 studies on 
-*• secondary school science reviewed by the committee and a 
complete list of all these studies.^ 

Analysis 

The studies reported here were classified in four broad groups : 
(1) programs, (2) the teaching process, (3) learning, interests, 
and attitudes, and (4) the teacher. No brief is offered for the 
categories. It was difficult to avoid an element of arbitrarino(?s in 
the selection of the categories and the distribution of the studies 
among them, since several studies had more than a single problem 
and it was thought desirable to reduce the number of categories to 
a minimum. The present state of research in science education 
makes it difficult to apply research criteria vigorously to the selec- 
tion of studies to be included in a summary review. Inevitably, a 
greater degree of uncertainty enters into the selection process than 
is desirable. 



Programs 



About 40 percent of the studies included in this review were 
related in one way or another to the science program and its de- 
velopment in the secondary school. Several were concerned with 
content and its organization for teaching purposes. Stone and 
Pierce, with the help of a group of interested and competent 
teachers, worked out elaborate courses of study in biology and 
chemistry respectively, which stressed the inclusion of new findings 
from scientific investigations and the conceptual unit of each of 
the two fields. 

Seeking to find out what should be taught about nuclear energy 

^ Arrangement for each fa alphabetical by author, the abstraeta starting on p. 52 and the 
complete list on p. 64. 
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in the high school, Atkinson developed a list of principles of nuclear 
energy (ranked in order of importance) and a validated test for 
evaluating the teaching of these principles. Tyrell, using a large 
poup of biology teachers, ascertained their opinions as to the most 
im^rtant areas in high school biology and the achievement of their 
students m these same areas. He reported that the average score 
of the students taking the test was less than 50 percent. In an 
attempt to assess the effectiveness of the science and mathematics 
work in vocational instruction programs. Shoemaker sent out a list 
of science and mathematics principles to on-the-job supervisors 
who were asked to judge whether or not the high school graduates 
under their supervision understood these principles and were able 
to apply them to their jobs. Finding that the high school instruc- 
tion apparently had not been adequate, he recommended revision 
of plans for vocational instruction. 

A checklist of physiology topics was submitted by Henderson to 
relatively large groups of students, teachers, and parents and to a 
small group of physicians for their evaluation as to potential in- 
terest and importance. He discovered that teachers and parents 
were better judges of students’ interests than were physicians, that 
education should be part of the school program, 
and that students were more interested in practical than theoretical 
information. Seeking to improve the selection of supplementary 
reading materials for the gifted high school student, Barnes and 
others developed a list of 23. criteria which were submitted to a 
group of respondents for their evaluation. These respondents rec- 
ommended that the list of 12 criteria should be used by teachers, 

parents, and others to upgrade the reading level of gifted high 
school students. 

A comparison of current objectives and content in high school 
biology with those prevailing 40 and 80 years ago was reported 
by Howard. He found that purely factual information objectives 
were largely replaced during the period studied by functional in- 
foiroation objectives, and that mental discipline and religious 
obj^tives had disappeared from current texts and courses of study 
m high school biology. In an investigation of the advantages and 
disadvantages of offering biology at the 9th grade and physical 
science at the 10th grade in two schools, Heidgerd reported that 
achievement in biology for 9th-grade groups was somewhat in- 
ferior to that in schools where biology was taught in the 10th 
grade ; but when adjustment was made for mental age, achievement 
was about as good as would be predicted. Achievement in physical 
science was found to be high in the experimental groups. 
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Schenberg analyzed the records of 27,766 seniors in 66 academic 
high schools in New York City. He concluded: (1) Guidance and 
testing programs were needed to identify interests and aptitudes 
of gifted pupils. (2) Homogeneous grouping of specially interested 
and gifted science and mathematics students should be established. 
(3) Increased attention should be given to the possibilities in 
science careers for girls. (4) Three years each of science and math- 
ematics should be required of college preparatory students. (6) A 
well-trained core of teachers was needed for these students. 

Roper reported on the nature and scbpe of the utilization of 
industry-sponsored teaching materials in Colorado high school 
chemistry courses. 

The activities of science supervisors and State agencies, and 
surveys of curricular and teaching practices, attracted several in- 
vestigators during the period under review. Using survey, jury, 
and statistical techniques, Lee investigated the relationship be- 
tween the rank order of importance of supervisory activities as 
judged by a jury of experts, and the actual practices reported by a 
selected group of State and local science supervisors. The co- 
efficients of correlation between the jury rankings and frequency 
of practice were moderate for both State and local supervisors. 
Interestingly, the category with the lowest ranking in practice was 
research. 

In a study of critical areas in the science programs of Negro 
schools in Louisiana, Rand and Brazzill recommended that learning 
opportunities in the physical sciences should be increased, that 
science facilities should be expanded, and that a systematic and 
continuous attempt should be made to encourage students to take 
science courses and to choose careers in science and technology. 

A study of the status of science teaching in the United States 
was undertaken by the Research Division of the National Educa>- 
tion Association. The data in this study were provided by 1,876 
questionnaires completed by principals and science and mathe- 
matics teachers. An analysis of the data obtained showed: (1) 
In general, mathematics and science teachers of large secondary 
schools are better prepared and more likely to be teaching their 
subjects full time than are their counterparts in small schools. 
More than three out of four of the mathematics teachers are teach- 
ing their particular subject full time. About 82 percent of the 
mathematics teachers and 93 percent of the science teachers in 
large high schools have had at least 20 hours of college study in 
their respective fields. (2) Nearly a quarter of the sample in all 
three categories of schools had between three and four years of 
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both mathematics and science. Large high schools have added new 
science courses at a rapid rate. The rate of adoption of new courses 
has increased somewhat in medium and small high schools, it has 
increased less rapidly there than in large high schools. Again, 
large high schools showed their superiority in science teaching, and 
the adequacy of facilities and equipment in these schools seemed 
to be in proportion to the enrollment. (3) In the opinion of the 
administrators, teachers need to obtain up-to-date knowledge of 
the field they are teaching. Here again, principals of large second- 
ary schools stress this need more than do principals of small and 
medium-size ones. 



Jhm Teaching Process 



The teaching process is a major concern and responsibility of 
the science teacher and an object of frequent criticism by many 
people both inside and outside the formal school. The improvement 
of science teaching has always been a major goal of science edu- 
cators, although the relatively few studies available for inclusion 
in this review seem to indicate a lessening of interest in studies 
focused on the teaching-learning process than was the case in 
former years. 

In a comparison of the inductive and deductive methods of 
teaching high school chemistry involving a relatively large group 
of students and teachers. Sister Ernestine Marie found that in- 
ductively taught classes showed significant superiority over deduc- 
tively taught classes in achievement for the year's work as a whole 
and also for a special unit on the balancing of chemical equations. 
The use of reflective thinking in high school chemistry was com- 
prehensively explored by Fonsworth and further studied by 
Newman, who compared the effectiveness of three teaching ap- 
proaches in biology. 

During the last 10 years there has been an accelerated emphasis 
in science education on the use of teaching aids, particularly the 
motion picture and television. A few studies were reported for the 
period under review. Garside, working with 60 physics classes in 
Wisconsin, made a comprehensive study of the influence of the 
“White Physics Films" on learning in mechanics and heat. He 
found that the level of achievement of students of high and low 
intelligence respectively in the experimental (film) group was not 
significantly different from that of comparable students in the 
control (nonfilm) group, but there was significant difference in the 
level of retention, favoring the control group. 
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In a study of the effect of a special motion picture on the learning 
of biological principles related to the control of poliomyelitis and 
on attitudes toward the National Foundation and the March of 
Dimes, Bichler found that the use of the film produced no significant 
difference in changed understandings and attitudes from those 
achieved in comparal^le groups where the film was not used. 

Schidman investigated the relative effects of positive and nega- 
tive introductory sequences inserted in a selected instructional film 
on the immediate and delayed recall of factual information learned 
from the film by two similar groups of pupils in 9th-grade general 
science. By means of appropriate testing techniques, he discovered 
that the group viewing the him with positive introductory sequence 
did better on immediate recall tests than those groups viewing the 
film with the negative introductory sequence. On delayed recall 
tests, the relative achievement of the groups was reversed. Students 
with average intelligence (the middle group) profited most from 
the film, irrespective of the type of introduction. 

In a study of the effect of television instruction on achievement 
in high school physics, Engelhart found that students with I.Q.’s 
above 120 and below 100 profited relatively more from the usual 
methods of instruction without television. He concluded that both 
the fast and slow groups need the stimulation and guidance of the 
teachers and that it may be possible to develop adequate television 
instruction for the average students who are more interested in 
the cultural than the technical value of physics. 

Champa, studying the potential of television in developing 
science understandings and interests in 300 9th-grade pupils, found 
that gains were significantly greater (at the .01 level) for all three 
groups, with the conventional group gaining the most. A year 
later more students from the television and motion picture groups 
than from the conventional group were continuing to take science. 
In a study by Hubbard, involving the effect of television on teach- 
ing science, one group of physics students was taught by television 
alone, another by television supplemented by direct teaching, and 
the third by the same teachers using conventional classroom tecb- 
niques. He found that there was no statistically significant su- 
periority in any of the teaching methods and that no one teaching 
method was better for any one scholastic ability level. 

Laurning, lnt*re*tf« and Attitudes 

A substantial portion of the studies reviewed were related in 
one way or another to learning, interests, achievement, aptitudes. 
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or attitudes. This fact is significant, since such studies are of great 
importance in giving direction to the creation of effective science 
education programs. Rosenberg investigated the ability of 8th- 
grade pupils to indicate understandings of three simple machines 
by means of a test devised to observe the responses of selected 
pupils on the relationships of the lever, wheel and axle, and pulley. 
The results were correlated with se.x, I.Q., and certain aptitude 
scores. He observed that, according to the tests, boys and girls 
were equally capable on the test and that the greatest difficulty 
was encountered in expressing relationships involving the pulley. 
The pupils seemed to discover relationships concerning these 
machines through a wide variety of approaches as they progressed 
in the test. 

Frankel investigated causes for the differences in scholastic 
performance of achieving and underachieving boys of equivalent 
intellectual ability at the Bronx High School of Science. He. showed 
that the achievers demonstrated greater aptitude in the verbal and 
mathematical areas and greater interest in mathematics and 
science than was true for the underachievers. As a group, the boys 
with poor achievement records expressed more negative feelings 
toward school in terms of less participation in extracurricular 
activities, poorer attendance, and more disciplinary offenses than 

was found for the comparable group who were doing well in their 
school studies. 

Using analysis of variance and the chi-square test of normality. 
Porter and Anderson studied the achievement in chemistry of a 
selected group of students in order to determine the relationship 
of specified abilities in chemistry to each other and to intelligence. 
They discovered that although there was a consistent decrease in 
overall achievement as measured by a standardized test from the 
top intellectual group to the lowest, this did not always hold true 
when the same groups were compared on the basis of their achieve- 
ment on specific abilities identified in the test. 

Using specially constructed tests in mathematics and science, 
McCutcheon compared the achievement of 8th-grade students in 
mathematics and science with the organization of the school, grade 
enrollments, and certain pupil and teacher factors in Minnesota 
public schools. He concluded that an important factor in predict- 
ing success in advanced standing high school physics would be a 
high score on the Cooperative Algebra Test. McCutcheon also con- 
cluded that the broad spectrum of capabilities of the gifted needed 
careful study before assignment to college-type physics courses 
in high school. 
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Sheldon identified and studied certain factors characteristic of 
science instruction in New York State and related them to results ^ 
on Regents Examinations in biology, chemistry, and physics. 
Notion attempted to find out by means of a multiple regression 
analysis whether or not achievement in 9th-grade general science 
was related more closely to study habits than to intelligence, read- 
ing ability, and aptitude. He concluded that aptitudes were better 
predictors of success in general science than the other variables 
studied and that teacher ratings were the least valuable of all. 

Seeking to discover how closely interests of pupils in second- 
semester biology classes compare with the emphasis given certain 
topics in 10 current high school texts in the field, Blanc found little 
correlation between emphasis given topics in textbooks and ex- 
pressed interest of pupils ; but the higher the first-semester grade, 
the greater the number of expressed interests in textbook topics. 

As the result of a comprehensive study of the relationship between 
science teacher attitudes, preparation, and experience, and growth 
in interest and achievement of high school science students, Taylor 
concluded that there was a significant difference in growth in inter- 
est as between students under full-time science teachers and those 
under part-time science teachers. A difference in achievement of 
these two groups, however, was not highly significant. A com- 
posite of other teacher factors falling above the median produced 
significant changes in science achievement, but not in interest. 

In a comprehensive study of the attitudes of high school seniors 
toward science and scientific careers, Allen showed that, for the 
group studied, the overall picture of attitudes was favorable and 
constructive toward science when judged by the response ratings 
determined by a competent jury. On the other hand, an item 
analysis of all responses revealed the existence of misunderstand- 
ing on the part of many students concerning questions related to 
the scientist and his work, and to the nature of science. Intelligence 
was found to be related to the character of the responses: the 
greater the intelligence of the given senior, the greater the chances 
he would have favorable attitudes toward science. The aptitudes 
and attitudes of high school youth toward science and scientists 
were studied by Stoker. He found, in general, that students ex- 
pressed favorable attitudes toward science as a social institution 
and that their attitudes toward scientists as people were signifi- 
cantly related to their aptitudes, but that their attitude toward 
science as a vocation was not significantly related to their aptitudes 
for science. Pupils' attitudes toward science as an institution and 
as a vocation and toward the scientists were closely related to their 
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grades in science and to their socioeconomic status. Their attitudes 
toward the other criteria varied with personal factors. 

Attempting to identify potential scientists, Cooley developed a 
multiple discriminant analysis of the data on 19 variables secured 
for 261 pupils who had been in the scientific curriculum at Forest 
Hills School, New York City. He found that career development, 
even among students of high ability, was not a random process 
and that aptitude of students for science careers was probably a 
function of general intelligence and previous scholastic experiences. 

Th« T«ach«r 



The classroom teacher has always enjoyed preferential status as 
an object of concern and often as a subject for research. This is 
understandable in the light of the key position of the teacher in 
formal education programs. His training, his general competence, 
his aptitude for teaching, his attitudes toward society, and even 
his attitudes toward science and science teaching have been investi- 
gated by the researcher from time to time. 

Investigating the competencies needed by secondary school 
teachers, S^ore devised a rating scale composed of 60 competencies 
derived from the literature in science education and submitted the 
rating scale to four groups of judges who were asked to rate each 
competency as to its importance on a five-point scale and to indi- 
cate at what point in the training program of teachers the various 
competencies should be emphasized. Differences among the four 
groups of judges were found: the science teachers and school 
administrators were in closest agreement, and the foundation edu- 
cators and science educators were farthest apart in their judg- 
ments on the relative importance of the various competencies. The 
four groups of judges were found in general agreement that the 
competencies listed should receive equal emphasis in the education 
of science teachers. 

The problems and training needs of science teachers are of con- 
siderable importance. By means of a questionnaire administered 
to two groups of randomly selected beginning science teachers in 
Massachusetts, one with, and the other without adequate training 
in science, Victor investigated the help and assistance that begin- 
ning science teachers think they need. Both groups indicated need 
for help on all the 21 practices commonly associated with science 
teaching which were described on the questionnaire. Shrader in- 
vestigated the problems encountered by beginning science teachers 
in the high schools of the Pacific Northwest. 
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A questionnaire study of summer institutes for teachers of 
science and mathematics involving 9 sponsoring agencies, 30 co- 
operating institutions, and 934 high school teachers was conducted 
by Schlesinger. He found that 44 percent of the participants held 
bachelor's degrees and 53 percent master's degrees; and that 85 
percent had majored in science and/or mathematics. The teaching 
experience of the group ranged from 1 to 39 years, with a median 
of 9. Fifty-eight percent taught science or mathematics exclus- 
ively, and the majority were better trained than science or 
mathematics teachers for the country as a whole. 

In their nation-wide study of certification requirements for 
teachers of science and mathematics, Sarner and Frymier found 
that 42 States required a 4-year college degree and one State re- 
quired five years of college preparation. Only two States which 
required four or more years of preparation required additional 
preparation in the teaching field for advanced degrees and higher 
certificates. The number of required semester hours in mathe- 
matics ranged from zero to 24 with a mode of 18 and a mean of 
15,1. Minimum science requirements ranged from zero to 48 
semester hours, with a mode of 15 and a mean of 17.9. Minimum 
professional education requirements ranged from 12 to 24, with 
a mode of 18 and a mean of 18.4. Twenty States required course 
work in particular areas of science, but only eight of these specified 
a minimum number of hours to be completed. There was lack of 
agreement on what constitutes minimal preparation in subject 
matter. Agreement was fairly good on professional education. 
Little was found concerning the quality of preparation. There 
seemed to be a need for some sort of uniform minimal requirements 
throughout the United States. 

Interpretaiiion 

The secondary school studies provided for this report cover a 
wide range in topic, research design, and procedures. Generally 
speaking, however, only a few of them could be characterized as 
unique or profound. In fact, they contribute few new findings and 
shed little new light on the many well-known problems of science 
education. Most of these secondary school science research studies, 
like those provided for the reports of previous years, are findings 
of facts, surveys of status, descriptive inquiries, and assemblings 
and reassemblings of teaching material. 

Studies of this type are, of course, important, useful, and neces- 
sary. They must be regarded, however, only as routine-type 
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activities to be carried out from time to time as the need for status 
information arises. In general, they are useful only in a limited 
sense, such as indicating places where a more basic type of research 
needs to be carried out. In and of themselves they are not adequate 
for answering fundamental questions about basic concerns in 
science education. 

It seems unfortunate that studies based largely on techniques 
such as the survey and the jury opinion, have come to occupy a 
major place in the research effort in science education. The total 
research endeavor in this discipline should be re-examined in order 
to bring into sharper focus the great need for what Fletcher G. 
Watson and William W. Cooley have called “dynamical descriptions 
as to how and why the status or achievements or opinions changed.”^ 

This interpretation would be remiss if it failed to point out that 
it would be almost impossible for a second person to repeat certain 
of the secondary school science studies. This difficulty is partly 
inherent in the design and partly in the manner of reporting. One 
of the things that make science unique as a discipline is the fact 
that the findings of one investigator are constantly under test and 
check by other investigators. It is essential that the techniques 
and processes, the assumptions and the hypotheses, employed by 
the original investigator be reported with such detail and clarity 
that they may be used by others who may wish to repeat the re- 
search. If we are ever to develop a science of science education, 
research workers must report their studies in such a way that 
these studies can be duplicated exactly. 

In only a few of the studies in secondary school science could one 
identify the hypotheses being tested; and among these, the ones 
in which the hypotheses had been derived from educational theory 
were still fewer in number. Research in science education must 
seek to test hypotheses that have been suggested by an established 
theory in the discipline if that research is ever to attain respectable 
stature. 

Science education is beset with basic unresolved issues in each 
of such areas as public policy, teaching-learning, methodology, 
philosophy and purposes, administration and supervision, teacher 
education, and evaluation of learning. Exact knowledge of these 
fundamental issues is essential to the growth and development of 
the field. 

And yet, as one examines the studies reported in this section it 
becomes apparent that many who are engaged in directing, and 

2 Rethinking Science Education. Yearbook LIX, Part 1, 1960. Chicago : University of Chicago 
Press, I960, p. 298. 
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many who are charged with carrying out, the studies are somehow 
not aware of the basic questions that need to be asked if answers 
to crucial concerns are to be forthcoming. If issues are to be re- 
solved, fundamental questions must be asked, and hypotheses 
rooted in educational theory must be tested. 

It must be said over and over again that once a research problem 
has been identified, it is essential to select promising hypotheses 
for testing, and to design the study in such a way that the data will 
be tabulated, analyzed, and interpreted in a manner to make the 
study replicable, the findings general izable and capable of wide 
application. Only when such procedures are assiduously followed 
will “the studies generally promote the development of reliable 
predictive systems [which are] based upon laws and principles 
that are applicable to the . . . problem of maximizing [science] 
learning in the schools.”^ 

The cultivation of basic research is just as important to the 
well-being and advancement of science education as it is to the 
advancement of science and technology. To deny this, as many do, 
is to consign science education to the uncertain pitfalls of unex- 
amined theory, mere opinion, and every man’s foregone conclusion. 

Studies Related to Curriculum 

Investigations of course content continue to seek to develop 
courses adequate for general education purposes as well as for 
specialization. Attempts are being made to place the history of 
science in its true perspective. In fact, there is considerable grop- 
ing for an integrating theme around which general education and 
specialized introductory science courses may be organized. Many 
investigators are questioning how course content can be stream- 
lined or otherwise modified so as to permit higher level instruction 
at each grade level. 



Studies Related to Learning 

Psychological studies reemphasize such points of view as : “The 
student must be put in an environment in which he will not only be 
exposed to the objects of knowledge, but in addition will actually 
desire and want to learn these objects’’ . . . “Lack of problem- 
solving skills is the cause or reason for many cognitive errors.’’ . . . 
“Students faced with problem-solving situations become less ef- 
fective after failure in such situations.’’ A whole-i)art approach 



3 Ibid^f p. 299. 
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seems to be consistent for most individuals when they face problem- 
solving situations, but individuals differ in the flexibility-rigidity 
factor when they are confronted with situations of different 
structures. 

While engaged in concept learning, learners forced to search for 
the correct response after feed-back of their incorrect answers are 
more successful than those who are dependent upon a teacher for 
the correct answer. Intention to learn does not significantly facili- 
tate retention of learned material, although it does enhance original 
learning. Study habits, primarily reading, predict improvement 
better than any single variable, whereas verbal intelligence is 
likely to be inversely related to improvement. 

Studies Related to Philosophy and Obiectives 

Writers from the field of philosophy emphasize the need to 
broaden the scope of training for specialists, to point the way to 
greater social wisdom, to keep scientific concepts and methods 
intelligible in our culture, to make traditionalists aware of chance 
and progress and at the same time make devotees of progress 
sensitive to traditions. Thus, it appears that science continues to 
arouse study not only from the viewpoint of integrating, but also of 
clarifying, its unique function. 

Studies Related to Public Policy 

Studies in the area of public policy were concerned with evaluat- 
ing the effectiveness of academic-year and summer institutes— a 
matter of concern to the general public for tax and national se- 
curity reasons. Since the number of institutes continues to in- 
crease, studies such as these will doubtless be more numerous and 
more definitive in the future. 

One study dealt with scientists’ and educators’ opinions on the 
issues related to science teaching. Such a study is particularly 
valuable since it touches a segment of the population not always 
consulted when science programs are planned. 

Additional studies have been directed toward the relationship 
between creative responses and working time and instructions, 
approaches to the learning process, transfer of learning, and 

many of the other questions traditionally involved in educational 
psychology. 

Studies dealing with the characteristics of students are aimed at 
trying to identify those characteristics most likely to be related to 
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success in the sciences. Many of these investigations reflect the 
science>student recruitment problem as well as the need for reduc- 
ing the casualty rate among students already enrolled. Competency 
in mathematics continues to share a major responsibility for suc- 
cess of beginning students in science. 

Studi«f Relatod to Methods 

Studies in methodology continue to emphasize the motivational 
benefits which seem to derive from experimentation in method- 
ology. Few studies, however, reveal significant differences when 
one type of procedure is compared with another. Several promising 
studies suggest that audiovisual aids, particularly television and 
motion pictures, are gaining in value as their producers develop 
new and better ways of incorporating problem-solving and other 
higher level intellectual processes. 

Studies R«lot#d to Facilities ond Iquipment 

Facilities and equipment for teaching science have not been a 
significant area of study at this level. Such investigations will 
doubtless become more numerous as national curriculum studies 
at this level mature. 

► 

Studies Related to Administrotion and Supervision 

Studies in the area of administration dealt with means of ef- 
fective use of staff time, the characteristics of honors section 
students, and problems associated with large class size. 

SHidiof Related to Teacher Education 

In the area of elementary and secondary schools science teacher 
education, the dearth of definitive studies continues. Some of 
the studies reveal that college courses for teachers are begin- 
ning to acquaint their students with the resources available for 
enriching science teaching. In general, studies are lacking on what 
relationship may exist between the success of college science stu- 
I dents in their classes and their later success in teaching science. 
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Selected Abstracts 



Allen, Hugh. Attitudes of Certain 
High School Seniors Toward Science 
and Scientific Careers. 

Major Adviser, — Hubert M. Evans. 

Problem, — To investigate the following: (1) Do 
high school seniors have positive, constructive at- 
titudes toward the scientific endeavor? (2) Do 
those seniors choosing scientific careers have more 
positive and constructive attitudes toward science 
than those choosing other careers? (3) Is the 
intelligence of the high school senior related to 
his attitudes regarding science? (4) Is there a 
difference in attitudes toward science and scien- 
tific careers between high-ability high school 
seniors who (a) plan careers in science or engi- 
neering, and (b) those who plan other careers? 
ProcedureB, — The sample consisted of all the 8,0B7 
seniors in 20 representative New Jersey high 
schools. The questionnaire submitted to them 
contained a section on personal data, a short 
vocabulary test to estimate inteUigence, and an 
attitude scale, and the resulting data were coded 
and punched on l.B.M. cards. To ascertain poai- 
tlveness or negativeness of the expressed atti- 
tudes, the jury technique was employed. 

FindingB, — The high school seniors in this study 
showed constructive attitudes toward science. The 
item analysis revealed that a substantial number 
held nonconstructive views, especially on those 
items bearing on the scientist and his work and on 
the nature of science. 

No significant differences were found when the 
responses of the Bcience group (those specifying 
a science or science related career) and the non- 
Bcience group (those specifying other careers) 
were compared with each other and separately 
with the scale score of the judges. 

In genera], as far as this study indicated, the 
higher the intelligence of a given student, the 
greater the chances that he would have favorable 
attitudes toward science. No significant differ- 
ences were found when the responses of the higb- 
ability group (fop one-eighth in intelligence) who 
had indicated interest in a scientific or science- 
related career and the responses of a similar group 
who had indicated interest in other careers were 
compared with each other and the scale score of 
the judges. 

Atkinson, Gene. The Identification 
of Facts and Principles of Nuclear En- 
ergy Suitable for Inclusion in the Sec- 
ondary School Curriculum. 
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Major AdvUer, — Esther M, Nelson. 

Prohlem,^To determine facta and principlas of 
nuclear energy of importance to U. S. citizens and 
to construct a test to measure understanding of 
them. 

Procedures.— A list was made of facta and prin- 
ciples pertaining to nuclear processes or applica- 
tions. This list, together with a rating scale, was 
submitted to a jury of twelve. A test was con- 
structed with internal reliability (0.88 by split- 
half method stepped up by the Spearman-Brown 
formula) and validity (most items discriminated 
satisfactorily between upper and lower halves of 
the sample), and vcas given to 172 students. 

Findtng$, — The jury ranked a list of 86 relevant 
facts and principles. The following were the first 
five: (1) Human life has always been exposed to 
radiation. (2) The rate of nuclear reaction can 
be controlled. (3) Nuclear radiation cannot be 
detected by the ordinary senses. (4) The heat 
from a reactor must be transferred to an engine 
to produce power. (6) Nuclear reactors produce 
radioactive isotopes. 

The correlation of the teat scores with I.Q. 
scores was 0.30. Students who had taken courses 
in physics or chemistry scored higher on the test 
than these who had not. 

Barnes, Cyrus D. and others. Cri- 
loria for Selecting Supplementary 
Reading Science Books for Intellec- 
tually Gifted High School Students. 

Problem, — To develop a list of criteria for select- 
ing supplementary reading books in the sciences 
for gifted high school students and to determine 
the relative importance of these criteria. 

ProcedureB. — A questionnaire containing 23 cri- 
teria was developed. In addition respondents were 
asked to suggest other criteria. Among those sug- 
gested, some were duplicates of the ones originally 
proposed. 

The criteria were divided into (1) those per- 
tainii g to the effect of the book on the reader and 
(2) those pertaining to the intrinsic quality of 
the book. 

FindingB, — A list of 12 criteria for selecting sup- 
plementary science reading books for gifted high 
school students was set up. 

The reading level of academically gifted high 
school students should be upgraded and can be if 
teachers, administrators, and parents (using the 
criteria worked out in this study) select supple- 
mentary science books. 




o 

ERIC 



RESEARCH STUDIES — SECONDARY SCHOOL SCIENCE 



Beck Charles F., Jr. The Develop- 
ment and Present Status of School 
Science Fairs. 

Problem, — To ascertain the development and 
present status of school science fairs. 

Procedures. — Questionnaires were aent to 1(J6 
school science fair directors. Adequate mforma« 
tion was received from 88 of them and was ana- 
lyzed. 

Finding$, — In ^1956 the typical science fair was 
held in either a gymnasium or science building on 
a college campus; its director was a member of 
the college staflT; the fair was in the third year of 
its operation; the exhibits were on display for two 
days; no admission charge was made; the fair was 
sponsored by a newspaper, professional society, or 
an industry. 

Bichler, David L. The Effect on 
Selected Science Education Objectives 
of a Sound Motion Picture, With Ac- 
compaiiying Classroom Teaching Unit 
Concerning Poliomyelitis Presented to 
High School Students. 

Major Advieer, — J. Darrell Barnard. 

Problem, — To study the gain in information on 
medical research against poliomyelitis; to measure 
the change in the understanding of the biological 
principles in a teaching unit on poliomyelitis; to 
measure the changes in attitude of the students 
towards the National Foundation; and to measure 
the change in attitude of the students toward the 
March of Dimes. 

ProeedurtB, — The data were obtained through the 
cooperation of three schools in different areas of 
New Jersey. The 292 students who participated 
in this study were either high school biology stu- 
dents or junior high school general science stu- 
dents in the 9th and 10th grades. 

Tests for understanding of biological principles 
and achievement in biology were devised and con- 
structed by the investigator. Pilot studies con- 
ducted by the investigator indicated that the re- 
liability of the test items was sufficient for use in 
this study. Remmers Generalized Attitude scales 
• were used as pre- and post-tests. Groups were 
equated on the basis of their I.Q., reading ability, 
and chronological age. These variables were sta- 
tistically treated and their relationship to pretest 
results was interpreted. 

FindingM, — (1) There is no statistically significant 
relationship between chronological age of these 
students and their performance on the achieve- 
ment and principles tests. (2) Intelligence of an 
adolescent gives no indication of his attitudes to- 
wards the National Foundation and the March of 
Dimes. (8) Reading ability of an adolescent gives 
no indication of his attitudes towards the National 
Foundation. ( 4 ) The older the child, the less 
favorably inclined he is toward the National 
Foundation. (6) The film Interim Peport alone 
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bad little or negligible effect on the gains achieved 
on the biology achievement test. 

BIaANc^ Sam S. Biology Interests of 
Tenth- and Eleventh-Grade Pupils. 

Problem, — How closely do interests of pupils in 
second-semester biology classes compare with em- 
phasis given to these topics by 10 current high 
school texts in the field ? 

ProeedureM, — ^A questionnaire was checked by 60 
boys and 60 girls from 10 biology classes. Half of 
each were in the 10th grade and the samples were 
equally divided as to the biology grade (A, B, C, 
or D) received in the first semester. Blach of the 
92 topics was to be marked as ‘‘yes’*, *'no'*, or 
''undecided" for interest and ranked for interest-, 
value under each of the headings: "Boys, girls, 
10th grade," and "A, B, C, and D grades." 

Findings. — (1) There was little correlation be- 
tween emphasis given topics m textbooks and ex- 
pressed interest of pupils. (2) There was high 
agreement between groups in likes and dislikes of 
specific topics. (3) "A-group pupils" were most 
inclined, and 'B-group" pupils least inclined, to 
agree with emphasis in textbooks. (4) The higher 
the first-semester grade, the greater the number 
of expressed interests in topics. 

Champa, V. Anthony. Television: 
Its Effectiveness in Ninth-Grade Sci- 
ence Classroom Teaching. 

Problem, — To explore the potential of television 
in helping 9th-grade pupils learn more science as 
well as predisposing them to further study in 
sdence. 

Proeeduree, — Three hundred 9th grade science 
students from Lancaster, Pa. were selected for 
this experiment. The conventional (C) group was 
taught science as it had been taught previously. 
The TV group was taught the same course of 
study, with two quarter-hour television programs 
per week during the year. The Motion Picture 
(MP) group was taught the same course of study, 
with a half-hour per week for viewing the same 
two films as the TV group. Neither the C group 
nor the AfF group had the advantage of the 
science resource people used on television. 

Findings, — The gains were significant between 
the pre- and post-test (at the 0.01 level of confi- 
dence) for all three groups, with the rank of 
improvement as follows : MP group, TV group, 

C group. A year later slightly more students from * 
TV and MP groups were continuing to take 
science courses than from the C group. The class- 
room teachers in this sample welcomed help In 
achieving objectives and recognized the value of 
the telecasts and motion pictures almost unani- 
mously. 

If used in the earlier grades, perhaps this tech- 
nique could stinmlate learning and create a fa- 
vorable disposition toward science as a career. 
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Cooley, William W. Identifying Po- 
tential Scientists: A Multivariate Ap- 
proach. 

Problem, — From dato collected durinir hlffb achool* 
to distinsruish amonsr the various pofci-hS^h school 
career directtons. 

Procedures.— A total of 25<5) students In the pre- 
scientific curriculum over ti period of years at 
Forest Hills Hlfirh School N.Y.) were included 
in the present study. Data on 19 variables were 
mede available by school authorities. The tech- 
nique of multiple discriminant analysis was used 
for treatment of the data. 

Findhtga, — Even amone: a ^rroup of hierh I.Q. stu- 
dents, career development cannot be considered as 
a random process. Since statistical sifirniflcance 
does not imply practical sfgrnificance, selection or 
exclusion of students from the special science 
procrram on the basis of these results would be un- 
reasonable. The results lend support to the view 
that science aptitude is a function of (general in- 
telligence and previous scholastic achievement. 
Factors in combination produced the group dif- 
ferences on each function. Study results lend en- 
couragement for further similar scudies. 

Englehart, M. D. and others. In- 
struction in Physics by Television in 
the Chicago Public Schools. 

Problem, — To evaluate and study new techniques 
in the use of television on the basis of data and 
the comparative achievements of students at dif- 
fvtrent levels of ability. 

Procedures, — Testing students taught physics by 
television after completion of course. The I.Q. of 
each group was known along with other data for 
comparative study. 

Findings, — Students with I.Q. scores above 120 and 
below 100 apparently profited relatively more from 
usual methods of instruction than from TV in- 
struction. Such groups as these two apparently 
need to be guided and stimulated by a teacher. 
Probably a different kind of TV instruction is 
needed and will be developed for the average 
.student for whom physics has more cultural than 
vocational or professional value. 

Fonsworth, Emile Charles. The 
Use of the Reflective-Thinking Ap- 
proach in the Teaching of High School 
Chemistry. 

Probfem.— To devise and test the effectiveness 
with high school pupils of procedures that use 
the reflective-thinking approach, as opposed to 
approaches that emphasize acquiring knowledge 
•of facts and principles. 

Procedures, — Procedures were developed to Im- 
prove students' abilities in thinking by solving 
chemistry problems. Students and teacher cooper- 
ated in selecting problems and methods of solving 



them and In acquiring the necessary skilla and 
techniques. Results of these procedures were 
measured by I.Q. and critical-thinking tests and 
standardized achievement examinations In chem- 
istry. These results were compared with similar 
results from the more usual factual information 
approach to the subject matter. Equivalent 
groups and the same group were used in the 
analysis. 

Specifically, the following group-gain compari- 
sons were made: ( 1 ) reflective-thinking approach 
versus factual information approach |n two dif- 
ferent groups, (2) reflective-thinking approach 
versus factual information in the same groups, 
and (8) reflective-thinking group versus factual- 
information group, with extra class periods added 
for both. 

Findings, — The gains by students under the re- 
flective-thinking approach were highly significant 
as to (1) growth in mental ability, (2) the appli- 
cation of abilities required in critical thinking, 
and (3) the use of the scientific method in solving 
chemistry problems. Gains in the acquisition of 
facts and principles were significant in those 
groups submitted to a factual-information ap- 
p.* ;h, although the former students obtained 
satisfactory scores in this area/ Various other 
observations of positive changes in behavior not 
directly measured by the tests were noted. Since 
these changes in total are usually considered 
worthy objectives of democratic education, it is 
recommended that teaching methods be modified 
in order to emphasize reflective thinking. 

Frankel, Edward. A Comparative 
Study of Achieving and Underachieving 
in High School Boys of High Intellec- 
tual Ability. 

Problem, — To Investigate possible causes for the 
differences in scholastic performance of achieving 
and underachieving high school boys of presum- 
ably equivalent high intellectual ability. 

Procedures, — The experimental group consisted of 
50 pairs of boys selected from the June 1957. senior 
class of the Bronx High School of Science In 
New York City, Each pair consisted of an 
achiever and an underachiever matched on the 
ba.;ils of equivalent intellectual quotient, score on 
entrance examination required by the school, and 
age. 

Areas explored for possible significant differ- 
ences were (1) aptitudes, (2) interest, (3) per- 
sonal problems, (4) health, (5) home and family 
background, (6) socioeconomic status, (7) reac- 
tion to school subjects, (8) reaction to school, 
(9) out-of -school activities, (10) vocational and 
college planning, and (11) academic performance 
in junior high school. 

Instruments used for collecting the data related 
to these areas were (1) Differential Aptitode 
Tests, (2) Kuder Vocational Preference Record, 
(3) Mooney Problem Checklist, (4) school rec- 
ords, (5) a questionnaire developed by the invest!- 
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gHlotf sad (6) the Hamburger Socioeconomic 
Scale. 

Findingg^ — The achievers showed greater aptitude 
than the underachievers in verbal and the mathe* 
matical areas, and were more interested in mathe- 
matical and scientific areas than the underachiev- 
ers, who favored the mechanical and the artistic. 
Achievers selected mathematics as the easiest, and 
mathematics and science as the best liked subjects. 
They chose English as the most difficult and least 
liked subject. The underachievers chose science 
as the easiest and best liked subject; foreign lan- 
guage as the most difficult and least liked. The 
underachievers expressed more negative feelings 
toward school in terms of (a) less interest and 
participation in extracurricular activities, ( b ) 
poorer attendance, and (c) more disciplinary 
offenses. 

Achievers were more interested in pure science 
and mathematics and planned their college courses 
accordingly, while underachievers planning to 
enter science tended to select college programs in 
applied fields. A significant number of under* 
achievers did not plan to enter science. The pat- 
tern of academic performance in the junior high 
school revealed that at least one-half the under- 
achievers were already underachieving; their 
scholastic records became progressively worse in 
high school. 

Garside, Leonard J. A Comparison 
of the Effectiveness of Two Methods of 
Instruction in High School Physics as 
Measured by Levels of Achievement of 
Students of High and Low Intelligence. 

Major AdvUer. — Milton O. Pella. 

ProWem.— To determine whether there is a sig- 
nificant difference in level of achievement and re- 
tention in high school physics between students 
of high and low levels of intellectual ability, who 
studied physics by traditional procedures, when 
compared with students of high and low levels of 
intellectual ability who studied physics by means 
of the Harvey White physics films. 

Proccdurcs.—Sixty Wisconsin classes in physics 
were selected at random and divided into 80 ex- 
perimental (film-using) and 80 control groups, 
each containing 485 students. The top and bot- 
tom 27 percent in intelligence of each of the 
physicB classes was selected on the basis of the 
Henman-Nelson intelligence Test and labeled as 
‘*high" and "low" intelligence groups. The experi- 
mental groups viewed a Harvey White film each 
day in addition to having classroom instruction, 
but the total time for instruction was the same in 
the control and experimental groups. Nine 
achievement tests, standardized and project-pro- 
duced, were administered to the groups. The re- 
sults were analyzed statistically. 

Findings.— The level of achievement and retention 
in physics of students of high and low intelli- 
gence, respectively, in the experimental group is 



not slgnlflcanUy different from that of comparahls 
students in the control group. The higher intelli- 
gence sections in both experimental and control 
groups achieved significantly higher than the low- 
er intelligence sections, but the level of retention 
waa not significantly different. There is no sig- 
nificant difference in the level of achievement and 
retention in physics between experimental mnd 
control students studying physics under the guid- 
ance of teachers in three level-of -preparation cate- 
gories. There was no significant difference in 
level of achievement in physics between the ex- 
perimental and control students, but the control 
groups were significantly higher in retention of 
physics information. 

Heidgerd, Lloyd H. Effects of 
Changing the Typical Sequence of High 
School Science Courses to 9th-Grade 
Biology and lOth-Grade Physical Sci- 
ence. 

Major Adviser. — R. WMll Burnett. 

Problem . — To investigate the educational advan- 
tages or disadvantages of substituting biology for 
general science at the 9th-grade level, and physical 
science for biology at the lOth-grade level in two 
high schools. 

Procedures.— Two approaches were used. In one, 
the standardizing samples of the science testa of 
the World Book Company's Evaluation and Ad- 
justment Series were reorganized to represent 
distributions of average school achievement, 
which had been adjusted to one I.Q* level on the 
basis of the within-achool regressions of achieve- 
ment upon I.Q. The average achievements of the 
two schools were then compared in terms of rank 
with the schools in the reorganized standardizing 
samples. In the other method, the regression of 
school achievement means i^on school I. Q. means 
within the standardizing sample was used to pre- 
dict the achievement means of the two schools,^ 
given their mean I.Q.'s. The achievement means 
were then compared with predicted means in 
terms of standard errors of estimate. 

Findings . — Biology achievement at the 9th-grade 
level in the two schools studied wss somewhat in- 
ferior to that in most schools in the standardizing 
sample where biology was taught in the 10th- 
grade. However, if the method of the regression 
of school achievement means versus school I.Q. 
means had been used and an adjustment made for 
mental age, the students did just about as well as 
predicted. 

General science achievement after Oth-grade 
biology was low when compared with the national 
standard. After the lOth-grade physical science 
course, general science achievement was above 
average but not significantly so. When the scores 
were adjusted for mental age, the results were 
close to average. Physics achievement waa high 
in the two experimental schools. 
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Henderson, Alexander, Jr. An In- 
vestigation of the Interest of Secondary 
School Pupils, Parents, and Teachers in 
Physiology. 

What aspects of physiology do high 
school pupils, their parents, and teachers feel 
should be included in the high school curriculum? 
Proceduret. — A checklist of physiology topics was 
constructed and submitted to 999 high school stu- 
dents, 181 teachers, 97 parents, and 14 physicians. 
Items were cTaluated on a scale of -f 4 to 0. 

Findingt. — Homogeneity in regard to sex seems 
advisable if like interests are to be considered. 
Parents and teachers are rather good judges of 
interests of pupils; physicians are not. Parents 
feel that sex education is part of the school’s 
function. Students are more interested in prac- 
tical than in theoretical information. 

Howard, Cubie W. A Comparative 
Analysis of the Objectives and Content 
of Biology Instruction in the High 
Schools of Today With Those of Ap- 
proximately 40 and 80 Years Ago, 
Respectively. 

Major Adviser, — I. Owen Foster. 

Problem. — To compare t le objectives and content 
of biology instruction in the high schools of today 
with those in the high schools of approximately 
40 and 80 years ago, respectively, insofar as these 
were revealed in representative textbooks chosen 
from the three selected periods. 

Procdur cf.^Textbeoks used extensiveij during 
each of the three selected periods were collected 
and analyzed for emphasis on (1) objectives of 
instruction, (2) subject-matter content, (8) read* 
ing level difficulty of subject matter, and (4) the 
extent to which illustrations were used in text- 
books of the three periods. 

Findings, — Under the major phases of this study 
the following conclusions were drawn : Factual in- 
formation objectives from the earliest to the latest 
period showed a gradual decrease in emphasis, 
whereas functional information objectives when 
similarly compared showed an increase in empha- 
sis. Mental discipline and religious implication 
objectives (which received some mention in the 
first period) were not present in either the second 
or the third period. The content of biology in- 
struction as reflected in commonly used textbooks 
of the first to the last period, changed in emphasis 
from the practice of requiring students to mem- 
orize a number of more or less unrelated facta, to 
the practice of having them consider familiar liv- 
ing things and their interrelationships. A greater 
effort to foster practical applications of knowl- 
edge and to stimulate critical thinking through 
the relation of textual content and illustrative 
materials was made by more writers of textbooks 
of the last period than of the first and second. 



Hubbard, George Wendell. The Ef- 
fect of Three Teaching Methods on 
Achievement in a Senior High School 
Physics Course. 

Problem.— To determine the effect of three types 
of presentation of subject matter on the compie- 
hension of high school physics. 

Procedure,.— One »roup wns taught by television 
only, one by television supplemented by the phy- 
sics teacher, and the third by the same teachcsr 
using conventional classroom techniques — a total 
of 63 students. Groups were matched on scores 
from the American Council on Education Psy- 
chological Examination, High School Edition. 
The criterion measured by the study was the dif- 
ference between pretest and posttest scores on 
two forms of the Cooperative Physics Test for 
College Students. The statisttfeal method used was 
the analysis of variants. 

Pindtnps.— There is no statistically significant 
superiority in any of the teaching methods. No 
teaching method worked better than any other for 
any one scholastic ability level. 

Lee, Verlin W. The Evaluation of 
Supervision of Secondary School Sci- 
ence Instruction. 

Major Adviser, — John S. Richardson. 

Problem, — To ascertain the status of supervision 
of secondary school science instruction at the 
State and local levels, and to evaluate the per- 
formance of supervisory activities in the light of 
values procured through the judgments of a jury. 
Procedures. —State departments of education were 
asked to give the status of science supervision and 
the location of science supervisors in their States. 
Questionnaires concerning the importance of 106 
supervisory activities were sent to 80 science edu- 
cators. Forty-four local and 10 State science su- 
pervisors were sent similar questionnaires to as- 
certain to what extent they took part in such 
activities. Statistical treatment included the use 
of the coefficient of correlation, rank correlation, 
and the NuU Hypothesis. 

Ptrtdmps.— The 106 supervisory activities were 
placed in 8 categories. Data obtained from the 
jury showed that the rank order of the categories 
was: (1) methods* (2) curriculum study, (3)^re- 
search, (4) inservice growth of teachers, (5) 
self-growth, (6) public relations, (7) administra- 
tion, and (8) materials and equipment. 

Only six State Departments of Education em- 
ployed full- or part-time science supervisors. The 
primary functions of the general supervisors were 
regulatory in nature. Activities to upgrade science 
teaching took the form of workshops and insti- 
tutes. 

The category of activities performed most ex- 
tensively by the State s iper visors was administra- 
tion. The category performed least extensively 
was research . 
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McCutcheon, George J. An Analyt- 
ical Study of Achievement in 8th-Grade 
General Science and 8th-Grade Gen- 
eral Mathematics in Minnesota Public 
Schools. 

Major AdvUer, — Palmer O. Johnson. 

Problem, — What is the relative achievement of 
8th*grade students in methematica and science In 
relation to organization of the school, 8th-vrade 
enrollment, and certain pupil and teacher factors? 

Procedures.— A 60*item test in mathematics and 
a 76-item test in science were built from a large 
pool of items after an item analysis. Pretests in 
science and mathematics were administered to a 
stratified random sample of all Minnesota schools. 
A posttest to measure achievement was given six 
months later to 6,471 pupils. 

Findings, — Boys made significantly greater 

achievement in science than girli, but no such 
difference appeared in mathematics. Girls had 
slightly higher mean scores In pre- and pos^teets 
in mathematics. The top and middle groups had 
significantly larger posttest scores In mathematics 
and science. The middle group appeared somewhat 
superior in final achievement to the top 6 percent. 

National Education Association 
Research Division. Mathematics and 
Science Enrollments. 

Problem. — To survey 1067 enroUmente In mathe- 
matics and science courses. 

Procedures, — The data in this study was provided 
by 1,876 usable questionnaires completed by prin« 
cipals and science and mathematics teachers. The 
data thus collected were organized under three 
headings: (1) teachers of mathematics and sci- 
ence (numbers, time devoted to teaching in mathe- 
matics or science field, and the level of teaching 
in each field); (2) the program and facilities for 
mathematics .and science teaching (enrollments, 
curriculum revision programs, and scie.ace equip- 
ment and facilities); and (3) principals’ opin- 
ions about present serious limitations in programs 
of mathematics and science instruction. 

Findings, — The study indicated the following : In 
general, mathematics and science teachers of 
large secondary schools are better prepared and 
more likely to be teaching their subjects full time. 
More than 8 out of 4 of the mathematics teachers 
and well over 8 out of 10 of the science teachers 
were teaching their particular subject full time. 
Nearly a quarter of the graduates in all three 
categories of the schools studied had taken be- 
tween 3 and 4 years of both mathematics and 
science. Large high schools have been adding new 
science courses at an extremely rapid rate. In the 
opinions of the administrators, there is a need for 
more up-to-date knowledge of the field being 
taught. 



Newman, Earl Nelson. A Compari- 
son of the Effectiveness of Three 
Teaching Methods in High School 
Biology. 

Major Adviser, — Arthur W. Heilman. 

Problem, — Tc compare the effectiveness of three 
methods of instruction : lecture-discussion with 
outside reading assignments, lecture-discussion 
with textbook reading in class, and lecture-dis- 
cussion with no textbook or reading assignments 
in or out of class. 

Procedures.— The groups had 53, 66, and 62 pupils, 
respectively. Alternate forme of the Nelson Biol- 
ogy Test were given as pre- and post-testa. 
Findings, — For the groups as a whole, each meth- 
od of teaching resulted in gains in biological in- 
formation, but none was found to be statistically 
superior to any other. For those fractions of all 
three groups scoring high on intelligence and 
reading comprehension, no method was found to 
be superior. For those parts of the groups scoring 
low in intelligence and reading comprehension, 
only the group with assigned reading in class 
showed significant improvement over the other 
two groups. 

Norton, Daniel P. Relationship of 
Study Habits and Other Measures of 
Achievement in 9th-Grade General 
Science. 

Problem. — Does achievement in 9th-grade general 
science relate more closely to study habits than 
intelligence, reading ability, and aptitudes ? 

Procedures.— Forty-one boys and 63 girls were 
used as a sample from a population of 5 general 
science classes. The following tests were the vari- 
ables incorporated in the study : Iowa Silent 

Reading, Iowa Algebra Aptitude, Otis Quick Scor- 
ing, Student Rating, Instructor Rating, Differen- 
tial Aptitudes, Space Relations, and Mechanical 
Reasoning. 

Findings, — Aptitudes, as measured by the Differ- 
ential Aptitude Tests, were the most significant 
predictor for both sexes when considered together. 
Instructor rating appeared less valuable for pre- 
dictive purposes than any other independent 
variable. 

Pierce^ Edward P. Modern High 
School Chemistry. 

Major Adviser, — Frederick L. Fitzpatrick. 

Problem, — To develop a modern course of study 
for high school chemistry that will include modern 
chemical theory and unifying concepts. 

Procedures, — Current chemistry courses of study 
and textbooks were reviewed and evaluated. The 
study of existing materials revealed an extensive 
treatment of descriptive chemistry and chemical 
technologry and a lack of emphasis on modern 
chemical theory. 
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PropoMdi for a new coune were flabmitted to, 
f^d approved by, a. sroup of chemiats. A new 
ehemlatry coune wiCi then outlined and the pres- 
ent monograph waa developed from the outline. 

Findiiipai— The concepts of energy, atomic struc- 
ture^ and equilibrium ere logically developed and 
serve as the major unifying themes for this thor- 
oughly modem chemistry courae. 

Recommendations are made as to the nature and 
amount of laboratory work and the use of the 
problem-solving approach. 

Porter, Marjorie Ruth and Ken- 
neth E. Anderson. A Study of the 
Relationship of Specified Abilities in 
Chemistry to Each Other and to In- 
telligence. 

Problem,' — (1) To compare the achievement in 
chemistry of three groups of students claasided on 
the basis of intelligence quotients into an upper 
26 percent, middle 60 percent, and lower 25 per- 
cent of the class, and (2) to determine the degree 
of relationship between performance on different 
parts of the chemistry test and between intdli- 
gence and performance on different parts of the 
chemistry test. 

Proeeduree , — The sample consisted of 152 students 
selected from 4 States. Statistical analysis of 
variance and the chi«^iquare technique were used 
as a test of normality. 

Pindinge , — Significant differences appeared 

among tl^e means of the three groups as to 
achievement on parts A, B, C, D, and the total 
chemistry test. The top intellectual group was 
not always superior to the lower groups, and the 
middle group was not always superior to the lower 
group in achievement in chemistry. 

The ability to understand and apply the ele- 
ments of the scientific method, together with its 
associated attitudes in chemical situations, is per- 
haps more cloeely related to intelligence per se 
than any of the other parts of the chemistry test. 

The intercorrelations of parts of the test with 
each other were significant but not extremely 
high, the coefficient ranging from 0.88 to 0.66. 
It was also apparent that the understanding of 
functional facts and concepts accompanied the 
other three abilities and waa accompanied by the 
understanding and application of functional prin- 
ciples of chemistry. The ability to understand and 
apply the dements of scientific method, together 
with its associated attitudes, accompanied the 
other abilities to a lesser degree. 

The correlations of intelligence with parts of 
the chemistry test ranged from 0.82 to 0.44. The 
highest correlation was between InteOlgenea and 
the ability to understand and apply the elements 
of the scientific method, together with its asso- 
ciated attitudes in chemical situations. Intdlee- 
tually superior students achieved more in terms 
of the total chemistry test than did the average or 



lower groups, and the average group achieved 
more than the lower group. 

Rand, E. W. and William F. Braz- 
ziEL. Priorities in Reappraisal for Sci- 
enc3 Education in Louisiana Schools. 

Problem.— To identify critical areas for reap- 
praisal in the science programs in the Louisiana 
Negro secondary schools. 

Proeeduree , — Six basic assumptions were accept- 
ed as criteria for determining the adequacy of pro- 
visions for learning in science. The questionnaire 
study covered 25 schools and 10 additional ones 
were visited. 

Findinge . — Sequential priorities in reappraisal 
were established as follows: (1) Reorient the 

curriculum to provide more learning opportuni- 
ties in the physical sciences. (2) Study ways and 
means to create a greater supply of teachers in 
the physical sciences. (8) Study how best to en- 
courage and help more students to take more sci- 
ences, to learn more about scientific careers, to 
set career goals In science, and to become estab- 
lished in the next-step activities necessary to 
reach these goals. (4) Expand the science facili- 
ties in the schools to Include laboratories and 
equipment for the special disciplines. (5> Study 
to ascertain how best to lend more purpose to tho 
science activities of the school. 

Roper, Keith Irl. The Utilization 
of Industry-Sponsored Instructional 
Materials by Colorado High School 
Chemistry Teachers. 

Major Adviser , — Stanley B. Brown. 

Problem , — To analyze the factors involved In the 
selection and use of industry-sponsored materials 
by chemistry teachers in Colorado high schools. 

Procedures, — A collection of these instructional 
materials for high school chemistry was made. 
The materials were classified and criteria for 
evaluating them determined. The instrument for 
collecting the data was constructed and used to 
secure information from a random sample of Colo- 
rado high school chemistry teachers. The infor- 
mation was summarized and conclusions were 
drawn from it. 

Ftndt'ngs.— All these teachers were aware of in- 
dustry as a source of instructional materials and 
96 percent used such materials. The, teachers 
used them primarily because they felt that this in- 
formation stimulated class interest, filled a need 
in a limited budget for instructional materials, 
provided more visual presentation, and allowed 
for variety In presentation. These instructional 
aids were used primarily to supplement textbooks, 
make a display on bulletin boards, introduce 
units, and serve as exhibits. The most preferred 
materials in order of frequency of selection were 
motion pictures, exhibits, tours, booklets, charts, 
speakers, film strips, leaflets, samples, posters. 
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models, mock-ups, comic books, snd teachers’ 
maiiaaki. Further study of industry*Bponsored 
materials Is indicated to improve the criteria by 
which they are prepared, and thus to use them 
more widely and effectively. 

Rosenberg, Milton. The Ability of 
8th-Grade Pupils to Indicate Under- 
standings of Three Simple Machines. 

Problem , — ^This investigatic^ dealt with the ability 
of selected 8th-grade pupils to (1) locate lelation* 
ships within the lever, wheel and axle, and/or 
pulley; (2) state these relationships numerically 
and verbally; and (S) relate graphically and ver- 
bally a lever to a wheel and axle, and a wheel and 
axle to a pulley. 

Procedarss.— The test design Involved three series 
of flap-covered diagrtuns of the machines. The 
pupil wrote his response on a removable flap. 
After removing it, he was given the correct an- 
swer. This process was continued so that he 
could examine a series of correct responses in 
order to cheek his method or to use t^em as aids 
in solving subsequent problenui. He stated his 
method numerically and his understanding ver- 
bally. He was asked also to relate graphically and 
verbally a lever to a wheel and axle, and a wheel 
and axle to a pulley. This resulted In a total of 
13 separate abilities and a total score. Pretests 
revealed that the children tested were not familiar 
with the relationships within and between the 
machines. 

Relati^onships of the 18 abilities and the total 
score to sex, I. Q., and scores on the Differential 
Aptitude Tests of Verbal Reasoning, Numerical 
Ability, Abstract Reasoning, Space Relations, and 
Mechanical R^.JU5oning were determined by appn^ 
priate statistical means, 

Pindmps.— (1) The children did discover relation- 
ships. Sufficient variations appeared in their 
methods of discovering relationships to question 
''whether there Is a ’l>e8t” way. The children’s 
apparent willingness to try to find the ’’answer”, 
and their obvious satisfaction when they did, m^ 
warrant the use of similar techniques in teaching 
science principles by pupU-dlseovery methods. 
(2) Success in stating numerical relationships 
was greater than in verbalizing relationships. For 
example, few pupils were able to express verbal 
relationships involving the pulley, (8) The chil- 
dren saw relationships between the lever and the 
wheel and axle better than they did between the 
wheel and axle and the pulley. (4) The highest 
relationships observed were between the abilities 
and the I. Q. and the Differential Aptitude Test- 
Abstract Reasoning; the lowest, between the 
abilities and the Differential Aptitude Test-Space 
Relations. 

Sarner, David S. and Jack R. 
Frymier. Certification Requirements in 
Mathematics and Science. 

Problem , — To determine the certification require- 



ments in mathematics and science throughout the 
United States. 

Proeeduree . — Information on requirements for 
certification in mathematics and science was se- 
cured from 40 States direct; concerning 8 other 
States from a euxrent bulletin. The data wars 
analysed to determine the minimum requirements 
in science, mathematics, and professional educa- 
tion courses. 

Findinffe. — Forty-two States required a 4-year col- 
lege degree and one Sta te required 6 years of col- 
lege preparation. Only two States requiring 4 or 
more years of prepaiation required additional 
preparation in the teaching field for advanced 
degrees and higher certificates. The minimum re- 
quired semester hours In mathematics had a runge 
of zero to 24, with a mode of 18 and a mean of 
16.1. Minimum sciencfj requirements ranged from 
zero to 48 semester hours, with a mode of 16 and 
a mean of 17.0. Minizium professional education 
requirements ranged fr;)m 12 to 24; with a mode of 
18 and a mean of 18.4. Twenty States required 
course work in particular areas of science, but 
only eight of these specified minimum hours to be 
completed. There was lack of agreement on what 
eonslltutes minimal preparation in subject mat* 
ter. Agreement was fairly good on professional 
education. Little was found concerning the qual- 
ity of preparation. There seemed to be a need for 
Dome sort of uniform minimal requirements 
throughout the United States. 

SCHENBERG, Samuel. A Study of the 
Science and Mathematics Courses 
Elected by the 1956 Senior Glass and 
the Number of Seniors Who Planned 
to Specialize in Scientific Fields in the 
Academic High Schools in New York 
City. 

Problem.— -To determine what proportion of sec- 
ondary school students are studying science and 
mathematics. To determine how many high school 
seniors planning to attend college, desired to 
specialize in science and engineering. To deter- 
mine if homogeneous grouping of able students 
interested in science stimulates them to specialize 
in these areas. 

Proeeduree , — data cards were filled out for 
27,766 students in the senior class of New York 
City’s 66 academic high schools, listing the courses 
taken in science and mathematics and their choice 
of college work and future careers. Tha data were 
processed and summaries were obtained of the 
numbers and percentages of pupils in rega^rd to 
the categories reported. 

Findinffe , — O) A larger percentage of all aca- 
demic high school students select science in New 
T'ork City than in the nation as a whole. (2) New 
York City seniors are going to college In large 
numbers and 42 percent indicated a desire to sleet 
a career in the areas of science and engineering 
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(3) More seniors select science than mathematics 
in their programs. However, the election of three 
to four years of science stimulates the election of 
mathematics and interests students in scientiflc 
careers. ( 4 ) The three specialized science high 
schools in New York City are helping to increase 
the number of pupils who select careers in science. 

SCHLESINGER FREDERICK RiCHfiRD. A 
Study of Evaluation of Sponsored Pro- 
grams for High School Science and 
Mathematics Teachers During the Sum- 
mer of 1956. 

Problem.— To determine the general pattern of 
■programs, organization, content, status of partici- 
pants, and evaluation of the programs of summer 
Science institutes. 

Procedures. — Questionnaires were sent to nine 
sponsoring agencies, 80 cooperating institutions, 
and 934 high school teachers; and the results were 
analyzed. 

Findings.— An analysis of the status of the par- 
ticipants showed that 44 percent held a bachelor's 
degree and 68 percent a master's; and that 85 per- 
cent had majored in science and/or mathematics. 
Their experience ranged from or.e to 30 years, 
with a median of nine years. Fifty-eight percent 
taught science or mathematics exclusively, while 
eight percent also taught in other fields. The ma- 
jority appeared better trained than was true for 
the country as a whole. Requirements placed on 
the programs by cooperating institutions were at 
a minimum; in general, a permissive atmosphere 
of experimentation was evident. It seemed that 
the major objective, improvement of the subject 
matter competence of the participants, was ac- 
complished. Apparently a need exists for gradu- 
ate courses in content combined with a more con- 
centrAted attention to methods. 

ScHULMAN, Milton. The Effect on 
Learning of Two Types of Film Intro- 
ductions in Ninth-Grade General Sci- 
ence. 

Major Adviser. — ElwooiJ J. Winters. 

Prohlem.^To investigate the relative effects of 
(1) positive and (2) negative introductory se- 
quences inserted in a sdected instructional film 
on the immediate and delayed recall of factual in- 
formaUon learned from the film by two similar 
groups of 9th-grnde general science pupils. 

Procedures. — Two types of introductory sequences, 
negative and positive, were prepared by the in- 
vestigator and a competent jury. These sequences 
were incorporated in two copies of the same class- 
room film. 

Two experimental groups (I and II), 145 pupfb 
each, were selected randomly from a 9th-grade 
general science class. Group I was shown the film 
with the positive introductory sequences; group 
II was shown the film with the negative introduc- 



tory sequences. The effect of the two versions on 
learning was appraised by means of a series of 
subject-matter tests administered immediately 
after the film- viewing and two weeks later. (A 
pretest and an I.Q. test had been administered to 
the groups before the viewing.) 

The data were analyzed by the analysis-of- 
variance technique. Significant values of F were 
further examined by means of Utcath 

Findings . — Positive introductory sequences incor- 
porated within a science film result in greater 
factual lerrning from the film, as measured by an 
immediate recall test, whole negative introductory 
sequences result in greater retention of factual 
information from the film two weeks later. Two 
weeks after viewing, pupils with an average L Q. 
retain significantly less of what they knew imme- 
diately after film viewing, as compared with stu- 
dents of superior and inferior I. Q. Irrespective 
of type of introduction, and in terms of immediate 
recall, viewers with an average I.Q. profit most 
from a science film, followed by those with in- 
ferior and superior I. Q.'s. Learning takes place 
whether or not the instructional science film con- 
tains positive or negative introductory sequences. 

Sheldon, Thomas Donald. A Study 
of Some Factors Involved in New York 
State’s Secondary School Science In- 
struction in Connection with Results 
Obtained by Students on State Regents 
Examination in Biology, Chemistry, and 
Physics. 

Problem. To determine the significant differ- 
ences in teacher factors, classroom procedures* or 
general education background, of classes which 
were relatively successful in Regents Examina- 
tions in biology, chemistiry, and physics as com- 
pared to classes which achieved less siuccess. 
Procedures.' — The percentage of each teacher’s 
students passing the 1961, 1962, and 1953 Regents 
Examinations in biology, chemistry, and physics 
was calculated and the results were used to set up 
three categories, ’’most success,” ’’average suc- 
cess,” and ’’least success.” 

Twenty teachers in each category for each sub- 
ject for each year were selected at random and 
sent a questionnaire. Of the toUl of 540 teachers, 
898 returned their questionnaires and 300 of 
these, of the 540 solicited, were used in the study. 
Chi-square and t-ratio techniques were employed 
to ascertain the significance of differences in re- 
sponse to each item on the basis of the three cate- 
gories of success. 

Findinge.— The mast successful Regents classes 
were taught by teachers who (1) were graduates 
of Naw York State high schools. (2) earned an 
average or above-average salary, (8) had a better 
background in education courses, (4) were rela- 
ti'vely experienced as science teachers, and (B) 
taught classes with higher rather than lower pupil 
enrollment. Teachers and administrators in the 
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BchooU studied, fevored the Regente Exemintttions 
for their value to the State science education pro- 
gram. A considerable number of schools selected 
pupils who were to try the Regents Examinations, 
thereby raising their school pass-fail record. 
Most of the science teachers participating in the 
study would choose the same profession again. 

Shoemaker, Byrl Raymond. Ade- 
quacy of Related Technical Instruction 
in Vocational Trade and Industrial 
Education for Teaching Principles of 
Mathematics and Physical Science. 

Probiewt.— To evaluate the effectiveness of a vo- 
cational program in developing understandings 
of principles of mathematics and physical 
science. 

Procedures. — Graduates from the machine-trade 
programs who had been out of school for five 
and six years were selected to participate in the 
study. Literature in the inachine trade was re- 
viewed in order to establish a list of applicable 
principles. This list was then submitted to a 
jury of teachers in that trade* The list of prin- 
ciples selected by the jury was submitted to the 
graduates who were asked (1) to indicate their 
need for and use of the principles and (2) to 
evaluate the effectiveness of the trade and in- 
dustrial education program in teaching the prin- 
ciples. 

The list sent to graduates was then arranged 
according to related technical topics and sent to 
the industrial supervisor of each graduate par- 
ticipating in the program to check the accuracy 
of the graduates* responses. The supervisors were 
asked to evaluate (1) the graduate*s need for in- 
struction on the topics and (2) his ability to apply 
the principles in his work. 

Findings. — (1) The present vocational program 
is not effective in developing understandings of 
principles of mathematics an^ physical science. 
(2) An understanding of the principles of mathe- 
matics and physical science would be of value in 
the industries employing graduates of this pro- 
gram. 

Shrader, John S. An Investigation 
of Instructional Problems Encountered 
by Beginning Secondary School Science 
Teachers in the Pacific Northwest. 

problem.— To discover the significant problems 
that must be met by beginning teachers and to 
suggest solutions for these problems. 

Procedures. — Interviews were used to prepare a 
queetionnaire which was then sent to teachers 
with four or fewer years of teaching experience. 
A total of 180 questionnaires were returned and 
analsrzed. 

Findings. — ^The primary problems of the begin- 
ning teachers seemed to center around their in- 
adequate training, variety and quantity of their 
daily preparations, lack of time and place for 



preparation, large classes, lack of audiovisual 
materials, necessity for moving from room to 
room, and inadequate equipment. Among the 
proposals for ameliorating tb-^e conditions were 
increased administrative interest and reorgani- 
zation of faculty ass?:;nments. 

Sister Ernestine Marie. The Com- 
parison of Inductive and Deductive 
Methods of Teaching High School 
Chemistry. 

Major Adviser. — John G. Read. 

Problem. — To test two hypotheses: (1) Inductive 
laboratory learning produces no higher achieve- 
ment on the Anderson and Cooperative Chemistry 
Tests than does deductive-descriptive learning; 
(2) No statistically significant differences in the 
learning of chemical iH^uation-balancing are 
found when comparing students taught by meth- 
ods that include inductive laboratory learning 
with students taught by traditional deductive 
methods. 

Procedure*.— To test the first hypothesis, six 
experiments and six control groups totaling 420 
pupils were taught by three teachers who fol- 
lowed syllabi and laboratory manuals designed 
by the investigator. Intelligence test scores wer? 
obtained and analyzed. No significant difference 
in ability between the inductive and deductive 
classes was revealed. The Anderson and Coopera- 
tive Chemistry Tests were given at the end of 
the spring term and the results analyzed by ap- 
plying t-tests to the mean-standard deviations in 
the scores of the inductive and dcKluctive groups. 

To test the second hypothesis, 82 selected 
schools with 56 classes and 40 teachers were used. 
One-half the classes were taught inductively and 
the other half deductively, following unit out- 
lines prepared by the investigator. Symbolic unit 
tests, constructed by the investigator, were ad- 
ministered before and after teaching the unit on 
chemical-equation balancing. Analysis of the pre- 
test scores for all groups and intelligence scores 
shoved similar ability and chemical knowledge 
among the groups in the study. 

Findings. — The two null hypothesis directing the 
study were rejected. Inductively taught classes 
showed significant superiority over deductively 
taught classes in regard to the full year*s work 
(hypothesis I) and to the unit on chemical- 
equation balancing. 

Spore, Leroy. The Competencies of 
Secondary School Science Teachers. 

Major Advimsr. — Paul DeH. Hurd. 

Problem.— To identify the professional compe- 
tencies of secondary school science teachers, to 
determine where emphasis should be placed in 
their training program and what criteria should 
be used in their selection, and to ascertain 
whether the four groups of judges were in 
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•ffreement ^in tbelr eonetption of tho td^im 
t«ich«r's role. 

Pfx>eedttrM.«»BeprMenting the opinions of writ* 
•n In the Uterainro of scienee education, the 60 
competencica sheeted as tboss needed hj selanee 
teachers were orsraniied under the 6 roles as« 
siantd bj a ratina form C, *'The California Def- 
inition of Teacher Competence**. The groups of 
judges were composed of foundation educators, 
■eieiiee educators, science teachers, and school 
administrators. For rating the competencies a 
fira-point scale was devised that provided a 
place for the Judges to indicate what emphasis 
the training program should place on the 60 
competencies. 

Findings.*— The foundation educators, by the 
standard deviation of the distribution of ratings 
from the mean, were the most inconsistent and 
the administrators the most consistent. The 
t-test showed a high level of signilflcance in the 
cases where there was a consldera\ble difference 
in opinion. In general, the four groups of 
judges perceived the role of the science teacher 
in much the same way, with some significant 
differences concerning specific items. The judges, 
with some exceptions, believed that for most of 
the competencies eQual emphasis should be given 
in prsservice and inservice training. 

The list of competencies needed by the seience 
teacher should help establish criteria for select** 
ing and evaluating science teachers. 

Stoker, Howard. Aptitndes and At- 
titudes of High School Youth in Regard 
to Science as Related to Several 
Variables. 

Problem.— The aptitudes and attitudes of high 
school youth toward science and scientists and 
the re]stion.^hips of these factors to each other 
and to persona] traits of the youth were sur- 
veyed. 

Procedures , — The Purdue Physical Scienee Test 
to measure aptitude and the Purdue Opinion 
Panel to measure attitudes were administered to 
a nationally representative sample of 2,500 pupfls 
in grades 10, 11, and 12. Attitudes and apti- 
tudes were related to each other as well ss to 
other persona] data ouch as grade, sex, residence 
(rural or urban), mother's education, and socio- 
economic status. Correlational and analysls-of- 
variance techniques were employed. 

Findings.— In general, the pupils expressed fav- 
orable attitudes toward science as a social insti- 
tution. Attitude toward scientists and aptitude 
in science were significantly related, but attitude 
toward science as a vocation and aptitude in 
science were not. Attitude to science as an in- 
stitution, to science as a vocation, and to scien- 
tists were closely related to the pupils* grades in 
science and to their socioeconomic status. Atti- 
tudes in regard to the other criteria varied with 
certain personal factors. 



Stone, Dorothy F. Modern High 
School Biology: A Recommended Course 
of Study. 

Maior Adi^sr.— Frederick L. Fitspatrick. 
ProWsm.— To develop a modem course of study 
for high school biology that will include recent 
findings In biology and unifying concepts. 

Procedures , — Current textbooks and courses of 
study in high school biology were reviewed and 
evaluated. Proposals for a new course were sub- 
mitted to a group of experts, and a course out- 
line and related materials were developed. 

Findings , — ^The materials revealed little content 
on recent findings In biology and only minor at- 
tention to theories and unifying concepts. The 
theme of the proposed course is, **The behavior 
of living things is ordered by the constantly 
changing influence of their biological, chemical, 
physical, and social environments.** 

Taylor, Thomas Wayne. A Study 
to Determine the Relationships Between 
Growth in Interest and Achievement of 
High School Science Students and Sci- 
ence Teacher Attitudes, Preparation, 
and Experience. ' V 

Problem , — To determine the relationships be- 
tween growth in intei*e8t and achievement of 
high school science students and science teacher 
attitudes, preparation, and experience. 

Procedures.— The study covert 88 teachers with 
one class each. Teacher attitude was measured 
by the Minnesota Teacher Attitude Inventory, 
and other teacher factors were determined from 
sdministrstora* records. Student gains (or 
losses) in science Interest snd sehi^vement wert 
measured by changes In scores on the California 
Occupational Interest Inventory and the Science 
Section of the Essential High School Content 
Battery from the World Book Company. These 
Instruments provided 1,586 snd 1,682 usable sets 
of paired (pre- and post-test) scores, rcapeo- 
tively. 

Findings.— The four teacher-related factors of 
attitude, semester hours of professions] educa- 
tion, semester hours of sciencs, snd yean of 
teaching experience, when considered singly, 
do not have s positive correlation with student 
Interest or schlevemsnt. 

The difference in growth in interest of stu- 
dents of full-time scienee teachers snd those of 
part-time science teachers Is highly significant, 
but s difference In achievement of tbess two 
groups Is not. A composite of other teacher fac- 
tors falling above the median produces significant 
changes In science achievement, but not In In- 
terest. 

Tyrell, John A. A National Survey 
of the Opinion as to the Most Important 
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Areas in High School Biology and an 
Achievement Test in These Areas. 

Pro6I#ffk’— To dotermlne Uaehon* opinions m to 
moot important areas In high school biology and 
to cons tract an achloremsnt test In these areas. 

ProcsdMres.-*Two thousand members of the Na- 
tional Association of Biology Teachers were asked 
to name the one tiiosl Important area and the 
one least Important area In biology. A list of 
24 most frequently named areas was made and 
sent to the same group with the request that 
they select the three most Important and the 
three least Imxmrtant areas. An achierement 
test based on the areas thus determined to be 
the most important was then constructed. 

Seventy-flTS biology teachers were asked to 
criticise the test; and In order to ascertain the 
degree of discriminating and of dlfflculty. It was 
administered to 50 other biology teachers. 

P^iuitnps. — ^The four most important areas ap- 
peared to be biological principles, conserratlon, 
essential life processes, and human physiology. 
The arerage score In these areas was slightly 
less than 50 percent. 

It would appear that there is a wide variety 
of opinions as to the Important areas In biology, 
and that the performances on this test do not 
represent high achievement. 

Victor, Edward. What Kind and 
What Amonnt of Help Do Our Bo> 
inning High School Science Teachers 
Need? 



Problem. — 1.9 ascertain In what areas the be- 
ginning high school science teachers, with and. 
without adequate college backgrounds in science, 
feel that they need help. 

Procedures.— 'Fifty-two beginning high school 
science teachers without adequate college back- 
grounds’ in science and |4 qualified beginning 
teachers In Massachusetts were selected at ran- 
dom. Twenty-one practices commonly associated 
with science teaching were presented to these 
teachers In a questionnaire. They were asked 
to Indicate for each Item whether It required 
^'much help,** **some help,** *'little help,** or **no 
help.** Numerical values of 8, 2, 1, and sero 
were made for these evaluations. Assignments 
and Items were ranked In order of amount of 
help needed. 

A scalogram was constructed, using the H- 
techniquee modification of the standard Qutt- 
man scaling technique. The 21 **need-help** Items 
were classified Into 7 broad areas. Numerical 
responses were totaled, average, and ranked for 
each area. 

FindinOB * — Both ranking and scaling techniques 
revealed that the teachers In each group felt 
that they needed much help In all 21 areas. The 
ranking of the seven broad areas indicated that 
qualified science teachers were most <H>ncemed 
about locating and selecting science materials, 
supervising science projects, and using appro- 
priate teaching techniques In that order. The 
unqualified science teachers were concerned about 
Identifying, using, and ordering* science equip- 
ment, supervising projects, and locating and se> 
lecUng science materials. 
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* One in a series of studies at Teachers Collesre 
under the auspices of the Science Manpower 
Project. 
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cation, 43:32-34, February 1969. 

OSTLUND, Leonard A. A Scientific 
Evaluation of a Scientific Program. 
School Science and Mathematics, 69: 
207-18, March 1969. 

Pierce, Edward F. Modern High 
School Chemistry. New York: Bureau 
of Publications, Teachers College, Co- 
lumbia University, 1969.* 

Porter, Marjorie Ruth and Ken- 
neth E. Andesuson. Study of the Re- 
lationship of Specified Abilities in 
Chemistry to Each Other and to Intelli- 
gence. Science Education, 43:12-19, 
February 1969. 

PuGNO, Lawrence. Science Teaching 
and Classroom Research. (Unpublished 
dissertation for the Ed.D. degree. 
Teachers College, Columbia University, 
1968.) 

Rand, E. W. and William F. Braz- 
znx. Priorities in Reappraisal for Sci- 
ence Education in Louisiana Schools. 



^ One in a series of studies at Teachers College 
under the auspices of the Science Ifanpower 
Project. 



School Science and Mathematics, 68: 
733-40, December 1968. 

Reynolds, John C. The Organisa- 
tion, Operation, and Value of a Science 
Fair Program. (Unpublished disserta- 
tion for the Ph.D. degree, Oklahoma 
University, 1967.) 

ROBINKTTB, WALTER R. A Descilp- 
tive Analysis of a Science Education 
Workshop and Outcomes as Reflected in 
Classroom Practice. (Unpubliahed doc- 
toral dissertation for the Ed.D. degree, 
Alabama Polytechnic Institute, 1967.) 

Rogers, William P. What Do Chil- 
dren Believe? (Unpublished doctoral 
dissertation, Boston University, 1967.) 

Roper, Keith Irl. The Utilization of 
Industry Sponsored Instructional Ma- 
terials by Colorado High School Chem- 
istry Teachers. (Unpublished disserta- 
tion for the Ed.D. degree. University of 
Colorado, 1967.) 

R 013 BN, Sidney. Origins of High 
School General Biology. School Science 
and Mathematics, 69:473-89, June 19B9. 

Rosenberg, Milton. The Ability of 
Eighth-Grade Pupils To Indicate Un- 
derstandings of Three Simple Machines. 
(Unpublished doctoral dissertation. 
New York University, 1967.) 

Sarner, David S. and Jack R. Fry- 
MiER. Certification Requirements in 
Mathematics and Science. School Sci- 
ence and Mathematics, 69:466—60, June 
1969. 

ScHENBERG, Samuel. An Evaluation 
of the 1968 Summer Institutes Attended 
by Science and Mathematics Teachers 
From the New York City High Schools. 
(Board of Education, 110 Livingston 
Street, Brooklyn 1, New York, 1969.) 

. A Study of the Science and 

Mathematics Courses Elected by the 
1966 Senior Class and the Number of 
Seniors Who Planned To Spacialize in 
Scientific Fields in the Academic High 
Schools in New York City. (Board of 
Education, 110 Livingston Street, 
Brooklyn 1, New York, 1967.) Also in 
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Science Education, 42:225-38, April 
1968. 

SCHLESINGER, FREDERICK RICHARD. A 
Study of Evaluation of Sponsored Pro- 
grams for High School Science and 
Mathematics Teachers During the Sum- 
mer of 1966. (Unpublished doctoral dis- 
sertation, The Ohio State University, 

1967. ) 

ScHOEPFLE, G. E. and D. L. Arnold. 
Correlation of High School and College 
Grades In Physics. American Journal 
of Physics, 26:637-69, November 1968. 

ScHULMAN, Milton. The Effect on 
Learning of Two Types of Film Intro- 
ductions in Ninth-Grade General Sci- 
ence. (Unpublished dissertation for the 
Ph.D. degree, New York University, 

1968. ) 

Scott, Donald Thomas. An Analysis 
of Teacher and Student Opinions of an 
Experimental Method of Teaching High 
School Physics Through the Use of 
Films as Compared to 7i.'raditional 
Methods. (Unpublished dissertation for 
the Ph.D. degree, University: of Wiscon- 
sin, 1969.) 

Sheldon, Thomas Donald. A Study 
of Some Factors Involved in New York 
State's Secondary School Science In- 
struction in Connection With Results 
Obtained by Students in State Regents 
Examinations in Biology, Chemistry, 
and Physics. (Unpublished dissertation, 
for the Ed.D. degree, Syracuse Univer- 
sity, 1968.) 

Shoemaker, Byrl Raymond. Ade- 
quacy of Related Technical Instruction 
in Vocational Trade and Industrial Ed- 
ucation in Teaching Principles of Math- 
ematics and Physical Science. (Unpub- 
lished dissertation for the Ph.D. degree. 
The Ohio University, 1967.) 

Shrader, John S. An Investigation 
of Instructional Problems Encountered 
by Beginning Secondary School Science 
Teachers in the Pacific Northwest. (Un- 
published dissertation for the Ed.D. 



degree. University of Washington, 

1967. ) 

Sister Ernestine Mark:. The Com- 
parison of Inductive and Deductive 
Methods of Teaching High School 
Chemistry. (Unpublished dissertation 
for the Ed.D. degree, Boston University, 

1968. ) 

Spore, Leroy. The Competencies of 
Secondary School Science Teachers. 
(Unpublished dissertation for the Ed.D. 
degree, Stanford University, 1968.) 

Stoker, Howard. Aptitudes and At- 
titudes of High School Youth in Regard 
to N. Variables. Purdue Opinion Panel, 
Poll No. 60, High School Students Look 
at Science. Division of Educational 
Reference, Purdue University, Novem- 
ber 1967. 

Stone, Dorothy F. Modern High 
School Biology : A Recommended Course 
of Study.. New York: Bureau of Publi- 
cations, Teachers College, Columbia 
University, 1969.* 

Taylor, Thomas Wayne. A Study 
To Determine the Relationships Be- 
tween Growth in Interest and Achieve- 
ment of High School Science Students; 
and Science Teacher Attitudes, Prepa- 
ration, and Experience. (Unpublished 
dissertation for the Ed.D. degree. North 
Texas State College, Denton, 1967.) 

Thaw, Richard Franklin. Teaching 
Load of Teachers of Science in Oregon. 
(Unpublished dissertation for the Ed.D. 
degree, Oregon State College, 1968.) 

Tyrell, John A. A National Survey 
of the Opinion as to the Most Important 
Areas in High School Biology and an 
Achievement Test in These Areas. (Un- 
published doctoral dissertation, Boston 
University, 1968.) 

Victor, Edward. What Kind and 
Amount of Help Do our Beginning 



* One in e series of studites Teachers College 
under the auspices of the Science Manpower 
Project. 
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Science Teachers Need? School Science 
and Mathematics, 68:550-64, October, 
1958. 

Voss, Burton E. The Status of Sci- 



ence Education in Iowa State High 
Schools. (Unpublished dissertat?,on for 
the Ph.D. degree, State University of 
Iowa, 1968.) 



Research Studies in Coiiege Science 



Introduction 

A NUMBER of the 1957-59 studies were devoted to the college 
training of future elementary and secondary science teachers. 
Most of the studies of this nature are included in the present sec- 
tion on college-level science education; but several, judged more 
appropriate for inclusion under the level for which the future 
teachers were being trained, appear in the elementary and second- 
ary sections of this publication. The reader interested in the train- 
ing of science teachers for elementary or secondary school will 
therefore want to examine the abstracts and lists in the sections, 
pertaining to all three levels. 

The complete list of research studies in science education at the- 
college level contains 68 titles. From this number, 13 abstracts- 
were selected and edited for the pr^tent publication.^ 

Analysis 

The increased number of research studies in college-level science 
education during the 1957-59 period under review indicates that 
more researchers than ever before were interested enough in the 
issues related to science education at that level to bring these issues- 
into public view. The variety of the studies reflects both the di- 
versity of factors affecting science teaching and learning, and the 
operational usefulness of the nine categories of investigation sug- 
gested by the U.S. Office of Education and the National Association 
for Research in Science Teaching: philosophy and objectives, pub- 
lic policy, curriculum, learning, methods, facilities and equipment,, 
administration and supervision, teacher education, and evaluation. 



Studi«f Relcrt«ii to Philosophy and Obiectives 

The only abstract of a study related to the philosophy and ob- 
jectives of science education at the college level that was selected 

^ Arrangements for both list and abstracts is alphabetical by author, the abstracts starting* 
on p. 74 and the complete list on p. 79. 
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for the present publication is the abstract of a study by Fings deal- 
ing with the epistemological aspects of modem phsrsics. Other 
studies, however, dealt with measurement of growth toward va- 
rious objectives of science instruction at the college level. 

StudiM R*lat«d to Public Policy 

No studies were wholly within the field of public policy, although 
the one by Lehmann and Nelson relates to identifying, encouraging, 
and developing science talent. Employing a questionnaire of 60 
specially prepared statements, JBehnke studied the opinions of a 
randomly selected group of 621 science teachers regarding certain 
issues and problems in science and science teaching and compared 
their responses witlii the responses of a selected group of 70 promi- 
nent working scienMsts. Item anal 3 rsis revealed marked differences 
between the teachers and scientists on many responses, especially 
those related to the, nature of science and science teaching. On the 
, other hand, little or no differences in responses were found between 

subgroups of teachers separated out on the basis of such factors as 
amount of course work in science and in education, type of college 
or university attended, and length of teaching experience. 



Studies Related to the Corriculum 

Studies by Fribourgh and by Vivian in biology and conservation, 
respectively, provided bases for selecting course content. Helms 
designed and built equipment for 11 new experiments relating to 
alternating current in college physics courses. 

StudiM RcSotud to Uornlng 

Probably the most regrettable deficiency in the overall research 
picture of the 1957-59 period under review was the limited prog- 
ress, if any, toward a better understanding of how learning in 
science takes place. Not a single study abstracted was found to be 
wholly within the learning field of investigation, although a few 
were indirectly related—notably Welches study on motivation. 

StudiM Rulatud to Muthods 

Alterman, dealing with the application of physics principles, and 
Novak, employing a traditional and a problem-centered approach 
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to botany, compared methods of instruction, using as major criteria 
published tests, tests prepared by the investigator, or both. 



StudiM K*lat*d to Focilitioi and Equipmont 

None of the studies dealt exclusively with facilities and equip- 
ment. Some, however, especially those related to methods and to 
curriculum (if their conclusions were further validated), would 
indicate need for certain instructional facilities and equipment. 



Studies Related to Administration and Supervision 

A study by Lehmann, and one by Lehmann and Nelson, on the 
characteristics of honor students have implications concerning 
administration and supervision, though neither lies wholly within 
this field. 



Studiof Rolofod le Toochor Education 



Chamberlain and Esget completed studies relating to teacher 
education. The former study analyzed pre- and inservice programs 
in teacher training institutions, and the latter compared effective- 
ness'of science methods courses and courses combining science con- 
tent and methods of teaching. 



Studiof Rolalod to Evaluation 

Two studies were primarily in the field of evaluation. One, by 
Esget, developed an instrument to measure student growth in 
courses for elementary school science courses. The othei’, by Stucky 
and Anderson, dealt with factors affecting student’s length of stay 
in college. 

Several other studies by Alterman, Brasted, Lehmann, Lehmann 
and Nelson, and Novak were partially in the field of evaluation. 
Published tests, and tests and questionnaires prepared by the 
investigators were used to evaluate academic achievement, measure 
aspects of problem solving in science, and obtain information about 
the respondents and, in some cases, about the schools they attended, 
the communities in which they lived, and their families. None of 
the new means of evaluation stands out as having more validity 
or reliability or as being a truer criterion of learning than the old 
means. A few of the studies made skillful use of modem statistical 
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methods for analyzing test results. The need still remains, how- 
ever, for tests (or other means) to measure more accurately than 
now is the case how well students can use facts and principles as 
well as recall them. 



Interpretation 

A number of suggestions for future research in science educa- 
tion emerge from a study of the present research. These sugges- 
tions are based on the following assumptions : 

1. Scientific processes can be applied successfully to the problems of 
teaching-learning in the science classrooms and the laboratories. 

2. Student achievement in each of the commonly held objectives of science 
instruction can be measured (provided that valid measuring devices 
are available or sufficient time and talent are given to developing 
valid instrmuents.) 

If these assumptions are valid, the following suggestions 
should also be valid : 

1. To develop a theory of learning in science and from this theory to 
formulate and test the factors that affect learning. (Personal, social, 
and physical-environmental factors might be involved.) 

2. To develop checklists, scales, questionnaires, and other means for 
measuring those factors, and to develop tests (or other instruments) 
for evaluating student achievement in each objective of science teach- 
ing. (To realize the full potential of the new methods for statistical 
treatment of data, those data must be both accurate and pertinent.) 

3. To develop effective avenues of communication among researchers in 
science education in order to transmit such precise information con- 
cerning the problems, procedures, and results of a study that a 
competent reader with adequate resources could replicate it. 

Many of the science teaching studies carried out in the nine 
fields of investigation recommended by the National Association 
for Research in Science Teaching would be difficult to replicate 
solely from the reports usually available in professional publica- 
tions. Without adequate communication, a program for research 
to improve science teaching would have small prospects of achiev- 
ing worthwhile results. 

Research in science teaching at the college level continued to 
emphasize conventional-traditional factors. There is need for 
emphasis on the dynamics of personality in determining not only 
what people learn but how they learn, for emphasis on the learner 
and not the teacher techniques, on process rather than things, on 
emotional adjustment and personality structurization, on how the 
learner feels about himself and learning, on group research, on 
cooperation in planning and evaluation, on outcome and process. 
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on unity of effort rather than diffusion. However, the psychologist, 
statistician, and science educator must learn to work together, 
since it now appears that they are working in an uncoordinated 
fashion. 

Most of the studies were designed to meet doctoral requirements. 
Unfortunately, the search for dissertation problems that are 
unique and unexplored seems to produce independent and un- 
checked studies, seldom continued post-doctorally and seldom 
pursued in sufficient depth to identify a theory of learning in 
science or to sharpen criteria for testing such a theory. 



Selected Abstracts 



Alterman, George. A Comparison of 
the Effectiveness of Two Teaching 
Techniques on the Ability of College 
Students to Apply Principles of Physics 
to New Technical Problems. 

Major AdvUer, — J. Darrell Barnard. 

Problem.— To compare the efTectlTenees of two 
methods of presenting physics principles on the 
ability of college students to apply principles of 
physics to new situations. 

Procedures. — The experimental group was taught 
Physics by an essentially Inductive method, while 
the control group was taught the same principles 
by a method essentially deductive. At the end 
of one semester, three tests constructed hy the 
Investigator were given to measure recall of 
facts, ability to solve mathematical or formula- 
type problems, and ability to apply principles 
to new situations respectively. The investigator 
calcula.ed coefficients of correlation between 
standardized testa given at the beginning of the 
semester and final tests as well as between each 
of the final tests. A t-teat of significance of the 
difference between the means of the control and 
experiraenUl groups was determined for each 
final test. 

Findings.— In the area of application of :prin- 
ciples, the experimenUl method produced signifi- 
cantly better results only with those students 
who had rated low on the preliminary hackground 
test. The ability to recall facts and principles 
is highly correlated with ability to apply prin- 
ciples and ability to solve problems. Ability 
to solve problems is significantly, hut not highly 
correlated, with ability to apply principles. Criti- 
cal thinking ability, as measured by the Watson* 
Glaser Critical Thinking Appraisal, does not 
significanUy affect ability to solve mathematical 
or formula-type problems. 

Behnke, Frances L. Opinions of a 
Selected Group of High School Science 
Teachers and Scientists on Some Issues 
Related to Science and Science Teach- 
ing. 

Major Adviser. — Hubert M. Evans. 

ProWem.— To determine and to compare the 
opinions of a selected group of high school 
science teachers and a selected group of scien- 



tists on certain aspects of science teaching and 
the scientific enterprise. 

Procedures. — A Questionnaire containing 50 
tested statements covering the nature of science, 
science and society, scientists and the teaching 
of science was administered to a randomly se- 
lected group of 1,000 high school science teach- 
ers on the rolls of the National Science Teachers 
Association and to a group of 100 scientists. 
Usable replies were obtained from 621 teachers 
and 70 scientists. The percentage responses of 
the scientists and the total teaching srroup were 
compared, item by item. Similar comparisons 
were made for five subgroups of teachers sepa- 
rated out on the basis of subject taught, re- 
gion and location, course credits In science and 
education, type of undergraduate Institution at- 
tended and length of teaching experience. Per- 
centage differences In responses among the 
groups were checked for significance at the 0.01 
and 0.06 levehi of confidence. 

FindinoB , — Of all the statements, those pertain- 
ing to the nature of science had the most dis- 
criminating power between the groups and sub- 
groups compared. The most striking differences 
were between the scientists and the total teach- 
ing group. The factors used to separate out the 
teaching subgroup seemed to have only minor 
influence on the percentage responses of the 
teachers. 

Brasted, Robert C. Achievement in 
Fir St- Year College Chemistry Related 
to High School Preparation. 

Problem — To determine the relationship between 
achievement in first-rear eollese chemistry and 
hUrh school preparation in chemiatiy, physics, 
and mathematics. 

pToeedures . — A Questionnaire survey was made 
of 1,400 college students in the State of Minne- 
soU and later of 1,100 at the University of 
Minnesota. Information was obtained about tfeielr 
high school backgrounds in chemistry, phyif<», 
and mathematics, and their college gradea in 
first-year chemistry. 

Findings.— StudenU who had taken high school 
chemistry received higher grades in college chem- 
istry. Those who had taken no high school mathe- 
matics beyond plane geometry had high proba- 
bility of faOure in college chemistry and minimal 
prospects of receiving an '"A" or grade. 

Those who hsd completed high school physics 
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were more likely to eucceed in coliege chemiitry 
than tboM who had not completed physics, al* 
tbouffh ar^des in high school chemistry or mathe* 
m sties were better bases for predicting success 
in college chemistry than grades in physics* 
Grading practices in the colleges were found to 
be fairly consfotent. 

Chamberlain, William D. Develop- 
ment and Status of Teacher Education 
in the Field of Science for the Elemen- 
tary School. 

Problem . — To analyse preservice and inserrice 
programs of teacher training institutions and 
science instructional problems of elementary 
school teachers. 

ProeedurtM . — College catalogs were examined for 
courses in elementary school science. Three ques* 
tionnaires were sent out: (1) to colleges for 
information on preservice and inservlce science 
programs for elementary school teachers; (2) to 
members of the National Association for Re- 
search in Science Teaching for opinions on prac- 
tices and trends in elementary school science edu- 
cation; (8) to elementary school teachers with 
extensive science training to determine what 
college science courses they had taken and to 
identify teaching difficulties associated with their 
training or lack of training in the field of science. 

Findinge . — Methods courses are often brief or 
nonexistent. Science-content courses are limited 
in depth and inadequate in scope. In general, 
crowded elementary school curricula and limited 
science facilities affect science instruction un- 
favorably. 

ESGET, Miles H. Developing and 
Using an Objective Instrument to 
Measure Student Growth in College 
Elementary School Science Courses. 

Major Adviter . — James R. Wailea. 

Problem . — To develop a teat of the knowledges 
and understandings achieved in college science 
courses for prospective elementary school teach- 
ers, and to reinforce or refute the hypothesis that 
there were no significant differences between two 
types of elementary science education courses. 

Procedures. — multiple choice test was devel- 
oped and validated. It was given on a pretest 
find retest basis in order to compare students in 
elementary school science methods courses with 
students in a methods course and a combined 
methods and content course. The subjects were 
102 students from four Colorado colleges and a 
control group of 28 elementary school teachers* 

Findinge . — Prospective elementary school teach- 
ers who attended the combined method and con- 
tent course showed significantly higher gains in 
science knowledges and understandings than did 
those who attended the methods course. 



Fbibourgh, James H. Recommended 
Principles and Generalizations for an 
Introductory Biology Course in the 
Junior College. 

Major Advieer — L. A. Van Dyke. 

Problem.^To determine what principles and 
generalizations that a Junior college biology 
course should present in order to be basic for 
further biology study, ^^sentlal for general edu- 
cation, and appropriate for the Junior college 
level of maturity. 

Proceduree . — A list of 61 principles and generali- 
zations of biology was developed from college 
textbooks. A Jury of biologists judged each 
principle or generalization as to whether it was 
essential for further study in biology or for gen- 
eral education, and a Jury of Junior college biol- 
ogy teachers Judged each listed item as to 
whether it was appropriate for the Junior col- 
lege level. A biology course was organized around 
the principles and generalisations thus selected. 

Findings. — The recommended principles and gen- 
eralizations dealt with cytology and histology, 
physiology, motion and locomotion, coordination, 
relationships of organisms to their environments, 
plant and animal diseases and methods of pro- 
tection, reproduction and heredity, growth dif- 
ferentiation and regeneration, taxonomy and evo- 
lution, and conservation of natural resources. 

Helms, Rufus Marshall. The De- 
sign and Construction of Apparatus for 
Laboratory Instruction in Alternating 
Current in the College Physics Course. 

Major Advieer. — J. Darrell Barnard. 

Problem . — To develop meaningful laboratory ex- 
periences in alternating current electricity for 
the general college phs^ics course. 

Proceduree. — Fifty-two principles in alternating 
current were gathered and rated by a Jury of 
physics teachers. Information about instructional 
methods and laboratory experience in alternating 
current was obtained by a questionnaire sent to 
general physics instructors. The activities thus 
obtained were assigned to appropriate principles 
to form a second questionnaire. The second ques- 
tionnaire asked the Jury to identify principles 
for which there were no adequate laboratory 
activities. Nineteen were designated. These 18 
were considered and an > appropriate experience 
for developing an understanding of each princi- 
ple was visualised. Equipment for the new ac- 
tivities was designed and constructed. The pro- 
cedures were tested In college physics classes 
unto considered satisfactory* 

Findinge.^li was shown that alternating cur- 
rent is of major importance in the lives of Amer- 
icans, but that very little instruction in it is 
given; and that the amount of resource material 
on the topic needs to be increased. The seven 
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concrete result wtrt: (1) an oHatnal pr«ttn« 
tation on rfsonanet. (2) a set of 62 prlneiplca 
in alternating current, (8) a procedure for de^ 
veloping new experieneee^ (4) identifleatlon of 
6 typee of probleme encountered in construction 
of new apparatus, (6) development of 11 new 
expcritnents for teaching alternating current, 
(6) 12 new pieces of apparatus for teaching 
alternating current, and (7) a style of expert- 
ments new to college physics. 

Lehmann, Irvin J. Some Character- 
istics of Honors-Section Students in 
Natural Science at a State University: 
A Followup. 

ProWcm.—To follow up the original group of 
students enrolled in special sections of Natural 
Science at llichigan SUte University In order 
to obtain their reactions to tliis novel experience 
and compare their achievement with that shown 
by students in a regular section, 

ProctdureB . — The sample consisted of 114 stu- 
dents in 4 honor sections and 286 in 8 regular 
sections. Heactions to their experience were ob- 
tained by means of questionnaires and persona] 
interviews with a random subaample, OThe grades 
of students who moved from one section to 
another were obtained and comparisons w(?xe 
made. 

Finding#.— (1) The majority of studenU In the 
honors sections were pleased with their experi- 
ence. (2) Honors-section students considered fre- 
quent quizzes, assigned readings, motion pictures, 
slioes, and filmstrips more effective methods of 
learning than lectures. (8) Honors-section stu- 
dents are not adverse to undertaking additional 
work provided quality is not forsaken for quan- 
tity. (4) The laboratory work is better received 
and more highly valued than lectures as means 
of learning natural science. <6) Honors-section 
instructors tend to be more severe than instruc- 
tors of other sections in iheir grading practices. 

Lehmann, Irvin j. and Clarence H. 
Nelson. Some Characteristics of Hon- 
ors-Section Students In Natural Science 
at a State University. 

ProhUm . — To learn more about the type of stu- 
dent enrolled in an honors section, to ascertain 
what they would like to gain In such a section, 
and to study differences between honors and 
regular section students In ACE scores and a pre- 
and post-test scores on a test In natural sciences. 
Procedure#. — ^The sample consisted of 114 In 4 
honors sections and of 286 students in 8 regular 
sections. Biographical data and reactions to the 
honors program were obtained by means of a 
questionnaire. A random sample of 26 men and 
26 women were selected from both the honors 
group and the regular group. Differences In 
posttest scores between the groups were tested 
for significance by analysis of covariance using 



(1) AGE score as a covariant, (2) pretest scorre 
as a covariant, and (8) both ACE and pretest 
scores as covariant#, 

Finding#,— •(!) Students in the sample came 
from a variety of backgrounds and were enrolled 
In nearly all the colleges of the university, with 
a large number in engineering and the physical 
sciences, (2) The majority of the students were 
from the upper- and middle-elsss bomss. (8) 
Hore honors-section students, in eonirmst with 
the others, hoped and expected to attend grad- 
uate or professional school; and g majority of 
them had been in the upper third of their high 
school graduating class, had attended a puhlle 
high school, and had fathers in the professional 
or white-collar data. (4) Honors-section stu- 
dents had significantly higher mean pre- and 
post- test and ACE scores even after adjustments 
were made for initial ability and intelligence. 
(6) The proportion of honor students receiving 
*'A'* or as the final grade was significantly 
larger than the proportion of regular section 
students receiving these grades. (6) Honors- 
section students do not wish to move so rapidly 
through ths course that thorough mastery is 
jeopardized. (7) Contrary to the common belief 
that grouping gifted students In sptoial sections 
will result in their higher Intellsctua] stimula- 
tion, the deta suggest that the majority in the 
special sections of th# ezpsriment were only 
moderntely or slightly stimulated by their fellow 
students. 

Novak, Joseph D. Experimental 
Comparison Between a Conventional 
and a Project-Centered Method of 
Teaching a College General Botany 
Course. 

Major Adviser.— Palmer O. Johnson. 

ProW#m.— To compsrs student schievement un- 
der two methods of instruction in eoUegs general 
botany; conventional lecture-laboratory Instruc- 
tion and instruction similar to it except for 
claaawork orientation to prepare the studenta 
for 6 weeks of Independent project work. 
Procedures.— Differences In knowledgs of botani- 
cal facts and principles, ability to solve prob- 
Isms, and aolentlflo attitude were measured. The 
study involved 622 students In college general 
botany. The classes met twice weekly for 1-hour 
lectures and twice weekly for 2-honr laboratory 
during a 6-month period. The project-centered 
group had lecture and laboratory work designed 
to prepare them for Independent project work. 
(That work took the place of regular Itotures and 
laboratory work during the last 6 weeks.) Special 
testg designed to measure problem-solving ability 
and scientific attitude were prepared by tha In- 
vestigator. 

Findings,— No significant differences in means 
were found between the project-centered group 
and the conventional group. The former, how- 
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ever, found to b« »lgnlfle«ntl>^ roor* varUbl* 
on teiU of knowWgo of bot»nlc*l f»ct« “od prin- 
ciple* than th* UtUr, Thl* •u*B*»t*d th»t th* 
project-centered method might provide better 
for Individual difference*. No elgnlhcant chan** 
wee found In eclentiftc attitude during the t 
month* between pre- and poat-teata. 

PiNGU, Vebn M. An Attitude of 
Science lor Education : A Study of 
Epistemological Aspects of Modem 
Physics. 

Major d4dv{wr.— Merle Borrowman. 

Probhfn^—To examine tome of the epiatemolofU 
cal aipecU of the acientlflc revolution and deter- 
mine whether they have Impllcatlona for educa- 
tional theory and research. 

Procediiree.— This study is a philosophical anal- 
ysis of classical and modern attitudes toward 
scientifle InQuIry. The ^nvestiirator outlined the 
classical sclentiflc attitudes to develop a con- 
text for viewing modern physics. He then re- 
viewed experiments and descriptions of modern 
physics. 

Findings.— The Investigator concluded that In 
classical science: (1) No ‘'effect^* is produced 
without an antecedent ‘'cause'*; it is within the 
competence of man "to know" the cause of 
events. (2) The universe can be analysed Into 
distinct systems. (3) The ‘'state** of these sys- 
tems can be described by dynamic variables which 
are speciflable to any desired decree of accuracy. 

(4) If the behavior of several systems is known, 
some mathematical formulation exists which can 
demonstrate the Interaction of these systems. 

(5) Scientific knowledge must be Independent 
of any specific observer. Nature thus consists 
of one objective reality which Is “knowable** by 
all men In the same way. This elevates the meth- 
odology of science to a position where It Is free 
from the desires, weaknesses, and actions of 
man. 

The Investigator found that the operations of 
experimentation of modern physics follow three 
steps: (1) A system or object of study and In- 
struments by which to measure and describe It 
are selected. (2) The object of otudy is made 
to Interact with another system. (8) Measure- 
ments are taken to determine the extent to 
which the second system changed the object of 
study. 

When scientists work with large distances and 
velocities, or In the atomic realm, the classical 
attitude becomes suspect. Einstein*B theories 
demonstrate that space and time must be rela- 
tivized to make observations from coordinate 
systems coincide. This space-time continuum Is 
not observed directly, but constructed by mathe- 
matical formalism from observable events. For 
example, the size of atomic particles is so small 
and their enersy content so high that the process 
of observing disrupts the system under study. 



If the belief Is to bet maintained that science can 
produce sure knowledge, a new attitude toward 
inquiry Is required. 

Although an "actuality*' Is assumed, we have 
no means at present to make simultaneous meas- 
urements of all its aspects; we can obtain only 
complementary views of It. These views are not 
ambiguous, if the frame of reference and deci- 
sions of scientists are Included In their descrip- 
tions. Two Implications seim apparent for edu- 
cation; (X) If scientific knowledge requiree a 
description of the decisions and frame of ref- 
erence of the scientist, It cannot be considered 
devoid of human values. (2) If sclentiflc Inquiry 
is to be encouraged to deal with the uncertain- 
ties of our technological environment, the edu- 
cation process cannot be committed to a single 
method or a single orientation. 

Stucky, Milo 0. and Kenneth E. 
Anderson. A Study of the Relationship 
Between Entrance Test Scores and 
Grade-Point Averages and Length of 
Stay in College* 

Afa^or Adviser. — Kenneth E. Anderson. 

Problem. — The study followed a freshman class 
through five semesters of attendance at the Uni- 
versity of Kansas and investigated the existence 
of significant differences among the means of 
placement-test scores and grade-point averages 
of the various groups of students, depending 
upon the number of semesters they remained In 
attendance. 

Procedurea. — Leslie’s modification of the chl- 
squarc test was used to Indicate nonhomogeneity 
In frequency distributions. The standard error 
method, enforced by Duncan’s method, was used 
In finding significant differences In means. 
Fmdtngs.—Generally, results showed that stu- 
dents with higher academic aptitudes stayed 
longer. Grade-point averages were more valid 
for predicting persistence than were placement 
tests. Men showed more variability In both grade 
points and tests. 

Vivian, V. Eugene. What Science 
Principles are Basic to the Conservation 
of Soils, Forests, and Grasslands? 

Major Adviser.— 3. Darrell Barnard. 

Problem.— (1) To Identify the problems of con- 
servation of solla, foreata, and etraaalands and 
recommend meaaurea for their aolutlon; (2) to 
determine the aclence principles involved In theae 
problems ’ and solutions; (3) to determine the 
relative importance of these principles. 
Procedares.— United States Department of Astri- 
culture yearbooks since 1936 dealinet with conser- 
vation were analyzed to locate problems, related 
principles of science, and corrective measure* 
for manafltement of soil, forests, and Krasslands. 
The analyses were validated throuBh judgments 
of conservationists. 
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Finding9 , — In soil consonraUon, 111 probltms 
wsps found; in forest eonssrmtlon, SI; and in 
srsstlsnd conssrvstion^ 11^ 8oU oonssrrstlon Is 
bssio to other sspeets of eonssrrstlon. Prseticss 
sdToestcd to sDsvists the problems of eonssrvs* 
tion numbersd 182 for soils, 80 for forests, end 
48 for ffrssslsnds. The consenrstion prsctiees 
were derived from, or were spplicstions of, prin- 
ciples of science. There were 175 soienos prinol* 
pies desline with soil, 74 deslin# with forests, 
end 20 deslins with ffrssslsnds. 

Welch, Ellsworth W. Motivational 
Factor in Choice of Profession by 
American Scientists. 

Major itdvtssr.— Paul DeH. Hurd. 

Problem.— To investigate factors in the lives of 
American scientists related to the development 
of interest in science and to the choice of scien- 
tific work as a career. 

Proc9^ur €». — A questionnaire was used to iden- 
tify factors Influencing the development of scien- 
tists' interest in science. A total of 518 scientists 
in the south San Francisco Bay sires completed 
the pacstlonnalre, making a 70-pereent rwp^onse. 
From this sample. 101 scientists were interviewed 
to amplify, clarify, and verify questionnaire data. 
Findings.— The mean age of first interest in 
science was 12.4 years. Younger scientists tended 
to have become interested in science earlier than 
their older colleagues. The mean age of deoislon 
to become a scientist was 16.7 years, with younger 



scientists having made this decision at an earlier 
age than older scientists. There was no slffnill. 
cant difference between male and female scien- 
tists as to age of decision. 

The order of importance of persons who firot 
interested scientists in science was teacher, self- 
interest. father, relative, young friend, mother, 
and adult friend. Chi-square analysis showed no 
significant differences when categories of persons 
who first interested scientists in science were 
compared individually with the following groups: 
(a) male and female scientists, (b) types of 
scientists, (c) younger and older scientists. Sim- 
ilar analysis showed no significant differences 
when the question of persons who moot inter- 
ested scientists in science was consideied. Per- 
sons who bad most interested scientists in science 
were, in order of importance: (a) teacher, (b) 
self-interest, (c) father, (d) adult friend, (e) 
relative, (f) young friend, (g) mother. 

Character trsiU were reported of the teachers 
who had influenced the scientists in their choice 
of a science career. The extent of teacher-in- 
fluenced choice of career was about equally di- 
vided among ‘'much." "moderately." and •Tittle 
or none," The teaching level of influential teach- 
ers. in or^ler of Importance, was high school, 
college, post-graduate, junior high school, ele- 
mentary school. Effective school activities, in 
order of occuiTence. were general classwork in 
science or a specific science course, laboratoxy 
work, clubs independent work and research, and 
field trips. 
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•Adansi, Mahmood Ametonu. Intro- 
ductory Botany in Land>Grant Colleges 
and State-Supported Institutions. (Un- 
published thesis for the master’s degree, 
Iowa State College.) 

Alterman, George. A Comparison of 
the Effectiveness of Two Teaching 
Techniques on the Ability of College 
Students to Apply Principles of Physics 
to New Technical Problems. (Unpub- 
lished dissertation for the Ph.D. degree, 
New York University, 1967.) 

Bass, Jubt C. An Analysis of Critical 
Thinking in a College General Zoology 
Class. (Unpublished doctoral disserta- 
tion, Oklahoma University, 1969.) 

Behnke, Frances L. Opinions of 
Selected Group of High School Science 
Teachers and Scientists on Some Issues 
Related to Science and Science Teach- 
ing. (Unpublished doctoral dissertation, 
Ck>lumbia University, 1969.) 

. Reactions of Scientists and 

Science Teachers to Statements Bearing 
on Certain Aspects of Science and Sci- 
ence Teaching. School Science and 
Mathematics, 61:193-207, March 1961. 

Borda», Carl William. Factors Re- 
lated to Success in Freshman Chemistry 
at the Pennsylvania State University. 
(Unpublished doctoral dissertation. The 
Pennsylvania State University, 1967.) 

Boercher, Fred. An Evaluation of 
the Washington University Physics 
Course as it Pertains to Premedical Ed- 
ucation. (Unpublished doctoral disserta- 
tion, Washington University, 1969.) 

Brasted, Robert C. Achievement in 
First- Year College Chemistry Related 
to High School Preparation. Journal of 
Chemical Education, 84:662-666, No- 
vember 1967. 



Brbnowitz, a. Harry. Reorganiza- 
tion of the Adelphi College Biology 
Curriculum. (Unpublished doctoral dis- 
sertation, Columbia University, 1969.) 

Breukelman, John and others. A 
Study of Problems Involved in Teaching 
Large Classes in College General Bi- 
ology. Transactions of the Kansas 
Academy of Science, 62:246-261, 1969. 

Brown, Clyde M. A Workshop in 
Teaching Elementary Science: An In- 
Service Training Program for Teach- 
ers. Science Education, 42:401-6, De- 
cember' 1968. 

Chamberlain, Wiluam D. Develop- 
ment and Status of Teacher Education 
in the Field of Science for the Elemen- 
tary School. (Unpublished doctoral dis- 
sertation, Wayne State University,. 
1966.) Also, in part, in Science Educa- 
uon, 42:406-409, December 1968. 

Childers, James M. High School 
Mathematics and Mathematics Place- 
ment Score in Relation to Achievement 
in Chemistry I at the University of 
Nebraska. (Unpublished thesis for the 
master’s degree. University of Ne- 
braska, 1967.) 

COLYER, Luther. Comparison of Two 
Methods of Teaching Biology at the 
College Level, Science Education, 44: 
62-68, February 1960. 

Crawford, George W. Graduate 
Preparations of Physics Instructors for 
Liberal Arts (k>lleges. (Unpublished 
doctoral dissertation. The Ohio State 
University, 1969.) 

Dearden, Douglas M. An Evalua- 
tion of the Laboratory and Supplemen- 
tary Teaching Techniques Used in a 
College General Biology Course. (Un- 
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published doctoral dissertation, Univer- 
sity of Minnesota, 1959.) 

Decker, Willis I. Factors Associ- 
ated with Selection of and Persistence 
in Chemistry as an Area of Specializa- 
tion by Oklahoma University Under- 
grraduates. (Unpublished doctoral dis- 
sertation, OUahoma University, 1959.) 

Dworkin, Solomon. The Production 
and Evaluation of Four Sound Film- 
strips on the Subject of Atomic Bond- 
ing, Designed as a Substitute for the 
Live Classroom Lecture ; A Case Study. 
(Unpublished doctoral dissertation, 
Syracuse University, 1958.) 

Eccles, Priscilla Anne. An Evalu- 
ation of a Course in Teaching Science 
in the Elementary School. (Unpublished 
doctoral dissertation. University of Illi- 
nois, 1958.) 

Ennis, Robert H, The Development 
of a Critical Thinking Test, (Unpub- 
lished doctoral dissertation. University 
of Illinois, 1958.) 

Esget, Miles H. Developing and Us- 
ing an Objective Instrument to Measure 
Student Growth in College Elementary 
School Science Courses. (Unpublished 
doctoral dissertation. University of 
Colorado, 1958.) 

Pox, Fred W. A Study of Practices 
which College Instructors Find Effec- 
tive in the Pre-Service Education of 
Secondary School Science Teachers. 
(Unpublished doctoral dissertation. 
The Ohio, State University, 1957.) 

Fribourgh, James Henry. Recom- 
mended Principles and Generalizations 
for an Introductory Biology Course in 
the Junior College. (Unpublished doc- 
toral dissertation, State University of 
Iowa, 1957.) 

Frings, H. W. and Joseph K. 
Hichar. An Experimental Study of 
Laboratory Teaching Methods in Gen- 
eral Zoology. Science Education, 42: 
255-262, April 1958. 

Gega, Peter C. College Courses in 
Elementary School Science and Their 



Relation to Teaching Problems. Science 
Education, 42:338-41, October 1958. 

Guckseero, C. L. Conflict of Science 
and Ethics in College Youth. Peabody 
Journal of Education, 35 :285-96, March 
1958. 

Goldner, R. H. Individual Differ- 
ences in Whole-Part Approach and 
Flexibilits^'-Rigidity in Problem Solving. 
Psychological Monographs : Vol. 71, No. 
21. Washington; American Psycholog- 
ical Association, 1957. 

Griffin, Elbert F. Relationships Be- 
tween Freshman* Test Scores and 
Grades in First Semester General 
Chemistry. (Unpublished doctoral dis- 
sertation, Oklahoma University, 1959.) 

Handler, Shirley Wolz. The Use of 
Community Resources as a Method in 
the Teaching of Biology at the East 
Texas Baptist College. (Unpublished 
doctoral dissertation. University of Ok- 
lahoma, 1958.) 

Hannon, Herbert. An Analysis of 
the Mathematical Concepts Necessary 
for the College Physical Science Course. 
Science Education, 43:51—55, February 
1959. 

Hatcher, Benjamin E. An Experi- 
mental Study of Three Different Pat- 
terns of Student Participation in a 
General-Education Science Course for 
College Freshman, (Unpublished dis- 
sertation for the Ph.D. degree, Wayne 
State University, 1957.) 

Heiny, W. Lowell. The Status of 
Physical Science Courses for General 
Education Purposes in Selected Junior 
Colleges in the United States. (Unpub- 
lished doctoral dissertation. University 
of Colorado, 1956.) 

Helms, Rufus Marshall. The De- 
sign and Construction of Apparatus for 
Laboratory Instruction in Alternating 
Current in the College Physics Course. 
(Unpublished . doctoral dissertation. 
New York University, 1957.) 

Hovey, Nelson W. and Albertine 
Krohn. Predicting Failures in General 
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Chemistry. Journal of Chemical Edu- 
cation, 85:607-9, October 1968. 

John,- E. R. Contributions to the 
Study of Problem-Solving Process. 
Paper. Peyehological Monographs : Vol. 
71, No. 18. Washington: American 
Psychological Association, 1967. 

Kershaw, Edythb Marie. Technical 
and Professional Requisites for the 
Medical Technologist (Unpublished 
doctoral dissertation, New York Uni- 
versity, 1967.) 

Knox, Conrad E. A Survey of Sci- 
ence Programs and Related Subjects in 
Oklahoma Colleges. (Unpublished the- 
sis for the master's degree, Oklahoma 
State University, 1958.) 

Lass, Lawrence P. The Value of the 
Anderson Chemistry Test for Predict- 
ing Success in College Science Course. 
(Unpublished thesis for the master's 
degree. University of Utah, 1968.) 

Lehmann, Irvin J. Some Character- 
istics of Honors-Section Students in 
Natural Science at a State University. 
(Research project, Michigan State Uni- 
versity, 1957.) 

. Some Characteristics of Hon- 
ors-Section Students in Natural Science 
at a State University: A Followup. 
(Paper presented at 32d meeting of the 
National Association for Research in 
Science Teaching, Atlantic City, Feb- 
ruary 1969.) 

Lbner, Walter. A Forccd-Choice 
Rating Scale for Self-Evaluation of In- 
structors in Elementary School Science. 
(Unpublished doctoral dissertation. 
New York University, 1967.) 

Lepp, Herman I. A Program of Sci- 
ence for Elementary School Teachers' 
Education in New Jersey. (Unpublished 
doctoral dissertation, Rutgers, The 
State University, 1969.) 

Mallinson, George G. and Conway 
C. Sams. A Comparison of the Knowl- 
edges of Physical Science with Those of 
Biological Science of College Students. 



Science Education, 42:20-23, February 

1958. 

Malone, William H. The Construc- 
tion and Use of a Test of Physical 
Science as it is Offered in the State 
Teachers College of Massachusetts. 
(Unpublished doctoral dissertation, Bos- 
ton University, 1959.) 

McInnis, Sam Roper. The Status of 
Freshman Chemistry Courses in Texas 
Colleges and Universities. (Unpublished 
doctoral dissertation, Baylor Univer- 
sity, 1967.) 

McPherson, Clinton M. The Effect 
of Sound Motion Pictures as Measured 
by Differential Achievement on the 
Motivation of College Freshman Gen- 
eral Chemistry Students. (Unpublished 
doctoral dissertation, Texas Technolog- 
ical College, 1959.) 

Michals, Bernard Earl. The Prepa- 
ration of Teachers to Teach Elementary 
School Science. (Unpublished doctoral 
dissertation, Stanford University, 1958.) 

Montean, John J. An Experimental 
Study of the Use of Discussion Groups 
in General Chemistry and General Sci- 
ence as a Means of Increasing Growth 
in Critical Thinking. (Unpi^blished doc- 
toral dissertation, Syracuse University, 

1959. ) 

Morrow, Elman A. A Proposed Pro- 
gram of Physical Science Education for 
Non-Science Students. Science Educa- 
tion, 43:66-69, February 1969. 

Novak, Joseph D. Experimental 
Comparison of a Conventional and a 
Project-Centered Botany Course. Jour- 
nal of Experimental Education, 26:217- 
230, March 1968. 

Olsen, Kenneth V. An Experi- 
mental Evaluation of a Student-Cen- 
tered Method and a Teacher-Centered 
Method of Biological Science Instruc- 
tion for General Education of College 
Students. (Unpublished doctoral disser- 
tation, University of Minnesota, 1967.) 

Parsons, Angus LeGrande. An Ap- 
praisal of the Academic- Year Institute 
at the University of Utah as Deter- 
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mined by the Opinions of Participating 
Students. (Unpublished thesis for the 
master’s degree, University of Utah, 

1968. ) 

Peters, James A. A New Approach 
to Teaching Freshman Biology. Amer- 
ican Institute of Biological Sciences 
Bulletin, 7:14-17, June 1967. 

Pings, Vern M. An Attitude of Sci- 
ence for Education: A Study of Epis- 
temological Aspects of Modern Physics. 
(Unpublished dissertation for the Ph.D. 
degpree. University of Wisconsin, 1969.) 

Rafter, Christopher D. A Compari- 
son of the Relative Effectiveness of 
Two Methods of Teaching a Course in 
Physical Science to Sophomore College 
Students. (Unpublished doctoral disser- 
tation, New York University, 1967.) 

Reed, Gerald G. A Study of General 
Education in Science Teaching. Science 
Education, 42:243-262, April 1968. 

Riley, William R. A Proposed Grad- 
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dary School Science Teachers. (Unpub- 
lished doctoral dissertation. The Ohio 
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the master’s degree, Iowa State Univer- 
sity of Science and Technology, 1968.) 
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lege Introductory Biology Courses. 
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Scott, Celia M. Determination of the 
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though a Case-Study Approach. (Un- 
.published . doctoral dissertation. The 
Ohio State University, 1969.) 
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Guidelines and Recommendations for Improving 
Research in Science Education 



¥ N EVERY PART of the country, in remote and populated areas, 
small school and large, an awareness has developed of the need 
for scientific literacy and competence. Today a much more favor- 
able climate exists than ever before. The forces arousing this 
concern prompt Federal, State, and local governments, as well as 
private agencies and foundations, to make available many hun- 
dreds of millions of dollars to promote immediate and long-range 
improvement in the teaching of science. This money has been 
spent for new facilities and equipment, added supervisory person- 
nel at State and local levels, new aids to learning, the upgrading of 
teacher qualifications, and the production of new and unique 
curriculum materials. Each of these is a worthy contribution, and 
improvements, already evident in some parts of the country, will 
no doubt continue. 

In all of these extraordinary endeavors, one factor seems to 
have escaped the vision of those responsible for planning and 
implementing the program. Scarcely any of the vast sums spent 
by Federal or State governments in this undertaking have been 
used for basic research. This is difficult to understand in a Nation 
whose worth and well-being are due to a large extent to science- 
related endeavors. More thought must now be given to the many 
aspects of the vital teaching-learning process. 

The future vigor and impact of science on the young people who 
study it in school will depend in large measure on the soundness 
of research design. Unless the procedures, processes, and princi- 
ples which make up the total of science education are based upon 
knowledge tested and proved through careful research, the in- 
vestment of these large sums of money may not realize the intent 
of those who made them available. 

If the discipline of science education is to improve, move for- 
ward, and flourish to the extent demanded by these crucial times, 
then it must build on a solid foundation of research findings in 
such areas as philosophy and objectives, public policy, teaching- 
learning, curriculum, methodology, teacher education, administra- 
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tion and supervision, and evaluation. In each of these areas lie 
many unresolved issues emanating from clusters of researchable 
problems. The answers to these problems will be basic and funda- 
mental. Any science education research that tries to find the 
answers should first give heed to improving its own quality. And 
seeking improvement in science education research, like seeking 
improvement in anything else, is facilitated by the use of guide- 



The following guidelines for improving science education re 
search are offered as suggestions: 

1. To improve ecience education rcRp.nTr.h O'. 



* analyze the issues into significant, researchable problems. 

science educatioital research, it is necessary to: 
w build a body of educational theory in the field of science teaching 

pr^kms related to the solutions of researchable 

* test hypotheses in a generalizable manner. 



OJ. concern inai 




resolution 



require 




previous techniques did. 
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